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ABSTRACT

Background

Thyroid nodules are very common in general medical practice, but rarely turn out to be a medullary thyroid carcinoma (MTC). Calcitoninis a
sensitive tumour marker for the detection of MTC (basal calcitonin). Sometimes a stimulation test is used to improve specificity (stimulated
calcitonin). Although the European Thyroid Association's guideline advocates calcitonin determination in people with thyroid nodules,
the role of routine calcitonin testing in individuals with thyroid nodules is still questionable.

Objectives

The objective of this review was to determine the diagnostic accuracy of basal and/or stimulated calcitonin as a triage or add-on test for
detection of MTC in people with thyroid nodules.

Search methods

We searched CENTRAL, MEDLINE, Embase and Web of Science from inception to June 2018.

Selection criteria

We included all retrospective and prospective cohort studies in which all participants with thyroid nodules had undergone determination
of basal calcitonin levels (and stimulated calcitonin, if performed).

Data collection and analysis

Two review authors independently scanned all retrieved records. We extracted data using a standard data extraction form. We assessed
risk of bias and applicability using the QUADAS-2 tool. Using the hierarchical summary receiver operating characteristic (HSROC) model,
we estimated summary curves across different thresholds and also obtained summary estimates of sensitivity and specificity atacommon
threshold when possible.
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Main results

In 16 studies, we identified 72,368 participants with nodular thyroid disease in whom routinely calcitonin testing was performed. All
included studies performed the calcitonin test as a triage test. Median prevalence of MTC was 0.32%. Sensitivity in these studies ranged
between 83% and 100% and specificity ranged between 94% and 100%.

Animportant limitation in 15 of the 16 studies (94%) was the absence of adequate reference standards and follow-up in calcitonin-negative
participants. This resulted in a high risk of bias with regard to flow and timing in the methodological quality assessment.

At the median specificity of 96.6% from the included studies, the estimated sensitivity (95% confidence interval (Cl)) from the summary
curve was 99.7% ( 68.8% to 100%). For the median prevalence of MTC of 0.23%, the positive predictive value (PPV) for basal calcitonin
testing at a threshold of 10 pg/mL was 7.7% (4.9% to 12.1%).

Summary estimates of sensitivity and specificity for the threshold of 10 pg/mL of basal calcitonin testing was 100% (95% C1 99.7 to 100) and
97.2% (95% CI 95.9 to 98.6), respectively. For combined basal and stimulated calcitonin testing, sensitivity ranged between 82% and 100%
with specificity between 99% and 100%. The median specificity was 99.8% with an estimated sensitivity of 98.8% (95% Cl 65.8 to 100) .

Authors' conclusions

Both basal and combined basal and stimulated calcitonin testing have a high sensitivity and specificity. However, this may be an
overestimation due to high risk of bias in the use and choice of reference standard The value of routine testing in patients with thyroid
nodules remains questionable, due to the low prevalence, which results in a low PPV of basal calcitonin testing. Whether routine calcitonin
testing improves prognosis in MTC patients remains unclear.

PLAIN LANGUAGE SUMMARY

Calcitonin testing for detection of medullary thyroid cancer in patients with thyroid nodules

Review question

What is the value of the calcitonin test for the diagnosis of medullary thyroid cancer in people with a thyroid nodule?
Background

Thyroid nodules are very common in the general population. In some people this nodule turns out to be a medullary thyroid carcinoma,
which is a rare tumour of the thyroid gland. Calcitonin is one of the hormones produced by the thyroid, but in a large proportion of patients
with medullary thyroid cancer the calcitonin level is increased. It can therefore be used as a sensitive tumour marker. In certain cases
the production of calcitonin by the tumour can be stimulated in a stimulation test, to differentiate more accurately between calcitonin
production by the tumour or other causes. However, there is no consensus if calcitonin testing should be routinely used in all people who
have a thyroid nodule. We evaluated the available literature to address the accuracy of calcitonin testing in people with thyroid nodules
for detection of medullary thyroid carcinoma.

Study characteristics

We searched for evidence in the literature until June 2018 and identified a total of 16 studies. Studies were included if a routine calcitonin
test (with or without the stimulation test) was performed in all included people with thyroid nodular disease.

Key results

In total 72,638 people with thyroid nodular disease were enrolled in the analysed studies, of which 187 had medullary thyroid carcinoma.
Our findings indicate that both basal and stimulated calcitonin testing are able to detect nearly all people with medullary thyroid
carcinoma. However, because medullary thyroid carcinoma is very rare in persons with a thyroid nodule, there is large chance that
calcitonin levels are false positives (i.e. the test indicates the disease, whereas in fact there is none).

In practice this means that for every 10,000 persons with thyroid nodular disease, 23 persons will have medullary thyroid carcinoma. Of
these, none will be missed using a basal calcitonin threshold of 10 pg/mL, while 280 people will have a false-positive test result. This might
lead to unnecessary surgery of the thyroid with the need for life-long thyroid hormone supplementation and risk of complications. With
the use of a stimulation test the chance of a false-positive test result may be reduced, however due to lack of sufficient studies this could
not be calculated.

Certainty of the evidence

The certainty of the evidence is importantly limited, because almost all studies did not report adequately on the outcome of people who
had a negative calcitonin test. A number of patients who had medullary thyroid carcinoma were possibly not identified. The diagnostic
accuracy can already be markedly affected when a small number of patients is missed because medullary thyroid carcinoma is very rare.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 2
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Conclusion

Based on the available literature, there is insufficient evidence for a routine calcitonin test in all people with a thyroid nodule. Further
studies are needed, with also adequate reporting of the people who have a negative calcitonin test, to determine the role of the calcitonin
test in people with thyroid nodules for detection of medullary thyroid carcinoma.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 3
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay 1 020z @ y3uAdod

(ma1n3y) s)npou p1oaAy) yum sjdoad ul Jadued p1oaAy} Aiejjnpaw Jo uoi)2939p 10j Su1lsa) uluod|e)

SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings table

Review ques-
tion

What is the diagnostic accuracy of calcitonin testing in the detection of MTC in people with thyroid nodules?

Population People with thyroid nodular disease found by palpation or ultrasound.
Setting Mostly individuals referred to outpatient clinics.
Index test All serum tests used to determine basal and stimulated calcitonin.
Importance No consensus exists about routine calcitonin testing in the work-up of people with thyroid nodules.
Reference Histopathological examination is considered the optimal reference standard, however this is a problem in people without an elevat-
standard ed calcitonin test, as surgery is performed very rarely. We therefore used an alternative clinical follow-up for at least three years.
Studies We included all retrospective and prospective cohort studies in which all people with thyroid nodules had undergone determination
of basal calcitonin levels (and stimulated calcitonin, if performed).
Limitations There was a poor reported follow-up of calcitonin-negative participants. Due to the small numbers of studies only for a few sub-
groups' summary measures could be calculated
Test [ sub- Reported Sen- Summary mea- No. of partici- Median preva-  Implications Certainty of the evidence and com-
group sitivity/speci- sures (95% Cl) pants (studies) lence (range) ments
ficity
(range)
Basal calcitonin
Reported cut- Sensitivity Median speci- 72,368 (16) 0.32% There is a high median speci- The reported cut-off value included the
off value ficity: ficity across the studies with cut-off values of the calcitonin test re-
83% to 100% (0% to 0.85%) a high estimated sensitivity. ported by the different studies (range
(range 4.6 -100 96.6%

pg/mL)

Specificity

94% to 100%

Estimated sen-
sitivity:

99.7% (68.8% to
100%)

However, due to the different
thresholds it is difficult to make
general implications

4.6 pg/mL to 100 pg/mL).

The reported follow-up of calci-
tonin-negative participants was poor,
thereby limiting the interpretation of
these results

Combined basal and stimulated calcitonin
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Specificity

92% to 100%

eral implications

Reported cut- Sensitivity Median speci- 69,702 (13) 0.31% There is a high median speci- The reported cut-off value included the
off value ficity: 99.8% ficity across the studies with cut-off values of the basal and stimulat-
82% to 100% . (0% to 0.85%) a high estimated sensitivity. ed calcitonin test reported by the differ-
(range basal Specificit Estimated sen- However due to the different ent studies (range basal calcitonin 4.6
cal/utonln 4.6 ) peciticity sitivity: thresholds it is difficult to make  pg/mL to 35 pg/mL; range stimulated
pg/mLto 35 pg eneral implications calcitonin 50 pg/mL to 100 pg/mL
mL, range stim- 99% to 100% 98.8% (65.8% to g P pe/ pg/mL)
ulated calci- 100%) The reported follow-up of calcitonin
tonin 50 pg/mL negative participants was poor, thereby
to 100 pg/mL) limiting the interpretation of these re-
sults
Subgroup analysis
Cut-off value
10 pg/mL Sensitivity Sensitivity 44,393 (10) 0.23% With a prevalence of 0.23% in The reported follow-up of calci-
a population of 10,000 nodu- tonin-negative participants was poor,
(92%10 100%)  100% (0% t0 0.69%) lar thyroid disease patients, thereby limiting the interpretation of
Specificit (99.7%to 23 people will have a MTC. Of these results
peciticity 100%) these MTC patients none will be
94% to 99% e . missed using a cut-off value of
(94% 0 Specificity 10 pg/mL, while 280 people will
97.2% have a false-positive test result
(95.9% to
98.6%)
Gender (basal calcitonin)
Female Sensitivity a 14,858 (6) 0.25% There is a high reported speci- The reported cut-off value included the
ficity and sensitivity acrossthe  cut-off values of the calcitonin test re-
96% to 100% (0% to 0.51%) studies. However due to the dif-  ported by the different studies (range
e . ferent thresholds it is difficult 4.6 pg/mL to 30 pg/mL).
Specificity to make general implications
97% to 100Y% The reported follow-up of calci-
oto 0 tonin-negative participants was poor,
thereby limiting the interpretation of
these results
Male Sensitivity a 4339 (6) 0.49% Most studies report a high The reported cut-off value included the
specificity and sensitivity. How-  cut-off values of the calcitonin test re-
82% to 100% (0.23% to ever due to the different thresh-  ported by the different studies (range 5
1.78%) oldsitis difficult to make gen-  pg/mL to30 pg/mL).

The reported follow-up of calci-
tonin-negative participants was poor,
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thereby limiting the interpretation of

these results

picograms per millilitre;

Cl: confidence interval; MTC: medullar thyroid cancer; pg/mL

aCould not be assessed due to limited number of studies
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BACKGROUND

Thyroid nodules are very common in the general population, and
they are found in 2.3% to 6.9% of all adults (Rallison 1991; Vander
1968; Wiest 1998). Ultrasound has an even higher detection rate
of thyroid nodules (17% to 69%, Tan 1997). Thyroid nodules are
more prevalent in women than in men (6.4% to 10% versus 1.5% to
2%) (Vander 1968; Vanderpump 1995) and the incidence increases
with age (Mazzaferri 1993). Of all patients with thyroid nodules who
undergo fine needle aspiration (FNA), approximately 7.7% to 12%
have thyroid cancer and in 3.3% to 3.7% of these thyroid cancer
patients medullary thyroid cancer (MTC) is diagnosed (Gilliland
1997; Hundahl 1998; Marqusee 2000; Nam-Goong 2004; Papini
2002).

MTC is a neuro-endocrine tumour originating from the
parafollicular C-cells. These C-cells secrete calcitonin, a 32-amino
acid peptide, which can be used as a sensitive tumour marker. The
10-year survival for MTC is about 75%, but the prognosis depends
on the size of the primary tumour, the presence of nodal disease
and distant metastases (de Groot 2006). The primary treatment
for MTC is surgery, and consists of a total thyroidectomy with
central compartment dissection and even a more extended lymph
node dissection depending on the extent of the disease. Some
patients develop irresectable recurrent disease, which limits the
therapeutic options. Patients with progressive disease may benefit
from newly developed targeted therapies (Ernani 2016; Hadoux
2016), although early diagnosis of MTC and adequate surgical
treatment remain crucial for a favourable prognosis.

Calcitonin is elevated in virtually all MTC patients and therefore
a very sensitive tumour marker, although MTC does not
always produce calcitonin (Redding 2000; Wang 2008). On
the other hand, hypercalcitoninaemia can also be caused by
other conditions such as thyroiditis, sepsis, hypercalcaemia,
hypergastrinaemia, other neuroendocrine tumours, chronic renal
failure, chronic pulmonary disease, acute trauma, inhalation injury
and pseudohypoparathyroidism (Baudin 1999; Machens 2000;
Niccoli 1995; Vlaeminck-Guillem 2001).

In the most recent guidelines of the American Thyroid Association
(ATA), the diagnostic work-up of a thyroid nodule consists, after
history, physical examination and thyroid-stimulating hormone
(TSH) determination, of a diagnostic ultrasound and FNA when a
suspicious nodule is seen on ultrasound. The role of calcitonin

testing in the work-up of thyroid nodules is unclear and there is still
no clinical consensus on calcitonin testing (Haugen 2016). The ATA's
revised evidence-based guideline for MTC does not recommend for
or against calcitonin determination, thereby giving the physicians
the opportunity to consider the pro's and cons of calcitonin testing
in their clinic. The AACE/ACE/AME guideline for work-up of thyroid
nodules does also not recommend for or against routine calcitonin
testing, while the European Thyroid Association's consensus-based
guideline advocates calcitonin determination in all patients with
thyroid nodules (Gharib 2016; Pacini 2006; Wells 2015). Based on
these guidelines and several studies, routine calcitonin testing is
practiced in multiple centres, while its use remains disputed.

Several studies have reported a high sensitivity and specificity of
the calcitonin test. Because MTC is rare, a large group of patients
has to be tested for the identification of one MTC patient. This
increases the risk of a false-positive test result. Accordingly, the
positive predictive value (PPV) will be low, although some studies
do report PPVs of up to 100% (Costante 2009). Furthermore, the cut-
off level of calcitonin has not yet been established and there are
indications that different subgroups of patients need specific cut-
off points, since there are gender-specific cut-off levels (Machens
2009). Perhaps only a subset of patients should undergo calcitonin
testing. It is also unclear whether calcitonin testing can contribute
to longer overall survival or will increase the quality of life of
MTC patients. Finally, to determine its role in the evaluation of
thyroid nodules the cost-effectiveness of calcitonin testing is also
important (Borget 2007; Cheung 2008).

Role of calcitonin testing

There are several potential roles for calcitonin testing in the
diagnostic work-up of thyroid nodules (Figure 1). First, it can be
used as a screening tool. Screening, however, implies that the
entire healthy population will undergo determination of calcitonin,
which is currently not clinically relevant. Therefore, we focus only
on calcitonin testing in patients with thyroid nodules, detected
through palpation or ultrasound. It can be performed in all patients
with thyroid nodules at an early stage and before FNA (Figure 1:
). In this case the supposed sensitivity is very high but a great
number of patients will have false-positive results which might
lead to unnecessary surgery. As FNA is also commonly used for
diagnosing other types of thyroid cancer which do not secrete
calcitonin, calcitonin testing as a replacement for FNA is irrational
and clinically not relevant.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 7
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Figure 1. The possible roles of calcitonin testing as triage (1), add-on (Il) or preoperative screening test (l11) in the

work-up of thyroid nodules
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Calcitonin testing can be used as an add-on test following FNA in
patients with suspicious or indeterminate cytology (Figure 1:11). In
this case the number of false positives will be lower, but some MTC
patients might be missed (when cytology is benign) with the risk
that MTC in these patients will be diagnosed at a later stage or not
atall. Calcitonin testing can also be used as a preoperative testin all
patients who will undergo thyroid surgery (Figure 1:111). In that case

not all MTC patients will be detected but the risk of patients who
undergo an operation receiving too restricted surgery decreases.
This form of calcitonin testing will not be included in this review as
itis more focused on preoperative assessment of tumour type than
on screening.
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This review will address the value of calcitonin testing for
diagnosing MTC in patients with thyroid nodules for the triage and
add-onroles of the calcitonin test. We want to give more insightinto
the different sensitivities and specificities for these different roles.
By providing data on the diagnostic accuracy of the calcitonin test
in light of the low prevalence of MTC in thyroid nodules, we want
to contribute to the discussion on the role of the calcitonin test in
patients with thyroid nodules.

Target condition being diagnosed

MTC in people with thyroid nodules.

Index test(s)

The available test for diagnosing MTC in thyroid nodules is the
calcitonin assay. The former radioimmunoassays for calcitonin
measurement recognised the monomeric and the dimeric form of
calcitonin as well as its

precursors, leading to false-positive results. The more recent and
most commonly used immunometric assays mainly recognise the
mature, monomeric form of calcitonin. They rely on a 'sandwich'
formation by two monoclonal or polyclonal antibodies recognising
different epitopes on calcitonin (d'Herbomez 2007). However,
limitations still exist in the calcitonin assays. If a one-step assay
is applied, in case of an extremely high calcitonin concentration,
all the antibodies including the signal antibodies are saturated
with the antigen, preventing a sandwich formation. Then, the
antigen concentration measured may be falsely low (also known
as the "high dose hook", (Leboeuf 2006)). Furthermore, also
mainly in one-step assays, the presence of heterophilic antibodies
may give erroneously high results of calcitonin by cross-linking
the antibodies in the absence of calcitonin ( Bieglmayer 2002;
Tommasi 2001). Very rarely "blocking" heterophilic antibodies
are also able to produce false-negative results (Preissner 2005).
This problem is circumvented by assays that wash between
incubation steps. Alternative methods for quantification, such as
mass spectrometry may circumvent this problem as well, as was
also shown for thyroglobulin (Netzel 2014). Furthermore, despite
the World Health Organization international reference preparation
for human calcitonin, differences exist between the same type of
assays of different manufacturers, making it even more difficult
to compare results from different studies and to establish an
optimal cut-off value (d'Herbomez 2007; Kratzsch 2011; Zanelli
1993). To improve the specificity of the calcitonin assay, calcitonin
stimulation tests with pentagastrin or calcium are used (Wells
1978). These stimulation tests can distinguish calcitonin secreted
by MTC from other sources of calcitonin (Samaan 1980), but there
are some limitations. Stimulation with pentagastrin can induce
unpleasant side effects, such as nausea, vomiting or skin rash
(Ewers 1976). Furthermore, pentagastrin is not available in several
countries. Calcium stimulation tests are better tolerated but are
not routinely used although an increasing number of small studies
have advocated the use of calcium (Colombo 2011; Doyle 2009;
Kudo 2011). In this review we planned to perform a heterogeneity
analysis on whether basal calcitonin, or both basal and stimulated
calcitonin, were determined and also the type of stimulation test
used.

Clinical pathway
Alternative test(s)

The alternative test for diagnosing MTC in patients with thyroid
nodules is fine needle aspiration cytology (FNAC) with eventually
immunohistochemical examination in suspicious lesions. FNAC
is an accurate and cost-effective method for evaluation of
thyroid nodules, but the sensitivity for diagnosis of MTC is not
optimal, ranging from 63% to 89% (Bugalho 2005; Chang 2005;
Papaparaskeva 2000). The outcome of the FNAC in these studies
resulted in surgery in 91% to 100% of patients. Although a large
proportion of the patients received surgery despite incorrect
FNAC results, this might be an inadequate test as MTC requires
a different surgical approach than differentiated thyroid cancer.
Other techniques, such as measuring calcitonin levels in washout
fluids of fine needle aspirates can improve accuracy and are also
recommended in the last update of the ATA guidelines when FNAC
findings are inconclusive or suggestive of MTC (Abraham 2009; Boi
2007; Kudo 2007, Trimboli 2016; Wells 2015 ).

Rationale

A number of studies and reviews on this topic advocate calcitonin
testing for detection of MTC. These studies are hard to compare,
however, since they have different inclusion criteria and different
cut-off points for calcitonin levels. Moreover, there is no consensus
between the American and European guidelines on thyroid
nodules. Calcitonin testing in patients with thyroid nodules is
associated with a high rate of false-positive results and a low
PPV. It has not been established that calcitonin testing reduces
MTC-related mortality in these patients. Cheung 2008 stated that
calcitonin testing in the USA is cost-effective at the same level
as mammography screening and advocates calcitonin testing in
subgroups of patients such as young men with larger thyroid
nodules, but this also remains a matter of debate.

OBJECTIVES

The objective of this review was to determine the diagnostic
accuracy of basal and stimulated calcitonin as a triage or add-on
test for detection of medullary thyroid cancer (MTC) in people with
thyroid nodules.

Investigation of sources of heterogeneity

We planned to investigate several potential sources of
heterogeneity, including differences in cut-off values, assay types
and different verification methods. We planned to evaluate a
number of possible factors as source for heterogeneity.

+ Age.

+ Gender.

« Nodules detected by palpation or ultrasound.
+ Nodule size.

« Number of nodules.

« Sonographic morphology of thyroid nodules.

« Fine needle aspiration (FNA) procedures performed through
ultrasound guidance versus palpation.

« Basal versus stimulated calcitonin testing.
« Type of stimulation test.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 9
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METHODS

Criteria for considering studies for this review
Types of studies

We included all retrospective and prospective cohort studies
in which all individuals with thyroid nodules had undergone
determination of basal calcitonin levels and if performed
stimulated calcitonin. We excluded cross-sectional studies in which
no histopathological examination or follow-up of patients was
performed.

Participants

We included participants with nodular thyroid disease (defined
as solitary thyroid disease (toxic/non-toxic), multinodular thyroid
disease (toxic/non-toxic), autonomously functioning thyroid
nodule)) found by palpation or on ultrasound in whom calcitonin
testing was performed. We distinguished between studies in which
calcitonin testing was performed as a triage (before fine needle
aspiration cytology (FNAC)) or as an add-on test (after FNAC). We
included participants with coexisting non-nodular disease such
as autoimmune thyroid disease (Graves' disease or Hashimoto's
thyroiditis) and subacute thyroiditis. We excluded participants
with only non-nodular thyroid disease. If studies included both
participants with nodular and non-nodular disease, we included
them only if it was possible to separate the calcitonin levels and
surgical outcomes of these participant groups or if fewer than 10%
of participants had non-nodular disease. We excluded participants
with known sporadic or familial MTC (multiple endocrine neoplasia
type 2 (MEN2A/B), (familial medullary thyroid carcinoma (FMTC))
prior to calcitonin screening. We also excluded studies that
included these participants and did not describe them separately.

Index tests

The index tests for this review included all serum assays used to
determine basal and stimulated serum calcitonin levels.

Target conditions

The target condition was MTC.

Reference standards

We considered histopathological examination of the thyroid after
surgery of all participants (even participants without elevated
calcitonin levels) as the optimal clinical reference standard for
diagnosis of MTC. In all of the studies, however, we encountered
the problem of differential verification and only participants with
(markedly) elevated calcitonin levels or people with suspicious
cytology had histological verifications (although some patients
underwent surgery for other reasons, e.g. mechanical complaints
due to a multinodular goitre). We planned therefore to make use of
other reference standards such as clinical follow-up. We considered
a follow-up of at least three years as adequate as most clinically
relevant MTCs will be identified at that time, while longer follow-
up carries the risk that MTC patients are diagnosed while not
having the disease at the time of calcitonin testing. To determine
whether standard of verification significantly influenced accuracy,
we planned to include method of verification in the heterogeneity
analysis.

Search methods for identification of studies
Electronic searches

We used the following sources for the identification of studies.

« Cochrane Central Register of Controlled Trials via Cochrane
Register of Studies Online (last searched 6 June 2018)

+ Ovid MEDLINE(R) <Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
1946 to Present> (last searched 6 June 2018)

o Ovid Embase <1974 t0 2018 June 04> (last searched 6 June 2018)

« Science Citation Index Expanded via Web of Science (last
searched 6 June 2018)

For detailed search strategies see Appendix 1. The Editorial
Base of the Cochrane Metabolic and Endocrine Disorders Group
provided support for generating the optimal search strategy. We
used PubMed's 'My NCBI' (National Center for Biotechnology
Information) email alert service for the identification of newly
published studies using a basic search strategy (see Appendix 1). We
excluded conference abstracts.

Searching other resources

We examined the references lists of relevant publications for
additional studies. We searched in PubMed for related articles of
relevant studies.

Data collection and analysis
Selection of studies

To determine the studies to be assessed further, two review authors
(HHGV and JWBAG) independently scanned the abstract and/
or title of every record retrieved. We investigated all potentially
relevant references as full text. Any disagreements were resolved by
a third review author (TPL). A PRISMA study flow diagram of study
selection was made (Liberati 2009). We contacted all study authors
with requests for additional data (Table 1).

Data extraction and management

We extracted data on study design and study population
characteristics using a standard data extraction form (Table 2), in
which we included the following items.

« Study design.

« Included number of participants.

« Inclusion and exclusion criteria.

« General participant characteristics.

« Type of calcitonin assay, reported cut-off values (the cut-off used
in the study to define a positive test result) and extracted cut-off
values (see below).

« Number of participants with nodular thyroid disease.

« Number of participants with palpable nodules and/or nodules
on ultrasound.

« Number of participants who had undergone calcitonin testing
and number of positive participants.

+ Number of participants operated and reason for operation.

« Number of participants with known follow-up and outcome of
follow-up.

« Histological outcome of participants operated.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 10
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« Number of participants with MTC.

For extraction of data, we used the reported cut-off values and pre-
specified cut-offs based on previous literature with different cut-
offs for basal and stimulated calcitonin levels. These cut-off values
were 10,15, 20, 30, 50 and 100 pg/mL for basal calcitonin levels and
100 pg/mL and 200 pg/mL for stimulated calcitonin levels.

Assessment of methodological quality

We assessed risk of bias and applicability using the QUADAS-2 tool.
We rated each of the four domains (participant selection, index test,
reference standard, flow and timing) using the signalling questions
as developed by the QUADAS-2 group (Whiting 2011). The criteria
for each signalling question are provided in Appendix 2. We scored
all items in the QUADAS-2 tool as ‘yes’, ‘no’ or ‘unclear!, and used
graphsto present the results of risk of bias and applicability for each
domain.

Statistical analysis and data synthesis

We identified the true positives, false positives, true negatives and
false negatives of each study, which we inserted in a 2 x 2 table
and calculated test sensitivity and specificity with corresponding
95% confidence intervals (Cls). We entered the data into RevMan
5.3 (RevMan 2014), to present graphically coupled forest plots,
showing the pairs of sensitivity and specificity of each study,
for each threshold. We used SAS software for meta-analysis. We
obtained estimates of the expected operating points (sensitivity
and specificity) using the hierarchical summary receiver operating
characteristic (HSROC) model (Macaskill 2004). We used the HSROC
model because different cut-off values are reported in the included
studies and this model also allows for calculation of summary
estimates for a single threshold. If in a study no patients were
identified for the disease group (or non-diseased group), the
analysis is still appropriate, since the analysis would treat the

disease group (or non-diseased group) as missing for that study.
The non-diseased group (or disease group) would still contribute to
the meta-analysis.

Investigations of heterogeneity

Depending on the number of included studies and available data,
covariate's were added in the HSROC model, for investigation
of possible sources of heterogeneity. Although we planned to
investigate multiple sources of heterogeneity (cut-off value, assay
type, age, gender, detection method of nodules (palpation versus
ultrasound), nodule size, number of nodules, morphology of
nodules, FNA method and stimulated calcitonin testing), due to the
limited number of studies we could only investigate cut-off value,
gender and stimulated calcitonin testing.

Sensitivity analyses

In order to explore the influence the risk of bias and applicability
concerns of theincluded studies, we performed sensitivity analyses
for the different domains of the QUADAS-2 tool. For each domain
of the risk of bias and applicability concerns we excluded studies
when there was an unclear or high risk.

RESULTS

Results of the search

We identified a total of 4092 unique records by our search in
January 2012 and updated searches in June 2012, March 2013
and June 2018. An additional two records were identified by
examining references list of relevant publications. Screening of all
records resulted in 51 publications that were eligible for further
evaluation. After assessment we excluded 26 studies ( 26 records),
and six studies (seven records) are awaiting classification.In total,
we included 16 studies in this review (Figure 2).
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Figure 2. Study flow diagram for selection of studies (search until June 2018).
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Included studies

Characteristics of the 16 included studies are shown in the table
Characteristics of included studies. A total of 73,052 participants
with nodular thyroid disease were included in these studies, of
which 72,368 underwent basal calcitonin testing with or without
stimulated calcitonin testing as shown in Table 3. A total of
187 medullary thyroid cancer (MTC) patients were identified.
Three studies performed only basal calcitonin testing, whereas
in 13 studies both basal and stimulated calcitonin testing was
performed.

Calcitonin assays

An overview of the assay characteristics is provided in Table 4. Two
studies used a radio immunometric assay (RIA) for determination
of calcitonin, including one study which during the study period
switched from an RIA assay to an immunoradiometric assay
(IRMA). Five other studies used also an IRMA. Two of these five
studies switched during the study period to a chemiluminescence

assay (ICMA). The remaining nine studies used an ICMA assay. In
conclusion, 13 studies used only one calcitonin assay during their
study period, while three studies used two assays. One of these
three studies that switched from an IRMA to an ICMA assay, used
the ICMA assay only in 14 out of 702 participants, and we therefore
regarded thisasusingan IRMA assay in further analyses (Hasselgren
2010). The other two studies that switched from calcitonin assay
were not included in the covariate analysis regarding assay type. In
total, calcitonin assays of nine different manufacturers were used
(Table 4). Especially in the seven studies using a RIA or IRMA assay
there was a large heterogeneity in manufacturers (N = 7); some
studies used during the study period assays from two different
producers. Within the nine studies using a ICMA assay, one study did
not report the manufacturer (Grani 2012), while in the other studies
an assay was used from one of two producers.

Verification method

Differential verification was present in all studies; all participants
with a (highly) elevated basal, a stimulated calcitonin or both
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underwent surgery, while only a subset of participants with
negative calcitonin tests had surgery. The percentage of calcitonin-
negative patients with reported surgery ranged between 0% and
33.6 %. The majority of these patients had benign thyroid disease.
A smaller number of patients had thyroid cancer and in two studies
MTC patients with a false-negative calcitonin test were identified.
In the study of Vierhapper 2005, two of the three participants with
false-negative test results were not operated on, but a hereditary
MTC was suspected because of genetic testing (Vierhapper 2005).
The study of Schneider 2012 identified two patients with a small
MTC. Although histopathological examination in all patients with a
negative calcitonin test is not feasible and, more importantly, not
desirable, we considered clinical follow-up of calcitonin-negative
participants as an appropriate alternative for detection of missed
MTC patients. However, none of the included studies reported
systematically on the clinical follow-up of all of their calcitonin-
negative participants. Only in the study of Hasselgren 2010 was
follow-up performed that consisted of cross linkage with a national
thyroid cancer database.

Calcitonin as triage or add-on test

None of the studies included provided explicit information on
the role of calcitonin testing in the diagnostic pathway of thyroid
nodules. In nine studies authors described fine needle aspiration
(FNA) in the materials and methods section as part of the diagnostic
protocol. Most of these studies stated that surgery was indicated
if basal or stimulated calcitonin was clearly elevated (e.g. greater
than 100 pg/mL), regardless of the results of FNA. In these studies
the role of calcitonin testing can be considered as a triage test in
which participants with a positive calcitonin test are subjected to
surgery, while participants with a negative calcitonin test require
more diagnostic work-up in the form of FNA. In all studies in which
FNA was not described in the diagnostic protocol, calcitonin testing
was performed in allincluded participants, independent of another
diagnostic procedure, and constituted, if markedly elevated, an
indication to perform surgery. Therefore, in these studies we
regarded calcitonin testing also as a triage test. Hence, all studies
were considered to perform the calcitonin test as a triage test.

Participant and study characteristics

Study authors described average or median age in 12 studies.
The average age ranged between 42.1 and 56 years with ranges
in individual studies from 8 to 97 years. Only one study reported
the results of calcitonin testing specified in different age groups
(Papi 2006). Fifteen studies provided Information on gender of
the included participants, the average female percentage being
54.5% to 88.1%. Only in seven studies was detailed information
on outcome given for both sexes. In nine studies information was
available on whether thyroid nodules in the included participants
were detected through palpation or ultrasonography (US); four
studies included participants with thyroid nodules found by US and

five studies included participants with thyroid nodules detected
through US or palpation. With regard to nodule size, only one study
provided information on summary measures of size for all the
included participants (average nodules size 21.8 mm), although no
detailed information was provided for participants with elevated
calcitonin levels. No study presented information on the number
of nodules or US morphology of all participants. In four studies
information was given on whether FNA procedures were performed
through palpation or US; in one study both techniques were
performed, in the three others US-guided FNA was performed.

Studies awaiting classification.

Three articles were written in non-English languages. We contacted
the study authors for information about the potential relevance of
these studies. After translation we plan to assess these studies for
inclusion in an update of our Cochrane Review. In the latest search
we identified three other potentially relevant articles which will
also be assessed forinclusion in an update of our Cochrane Review.

Excluded studies

In the Characteristics of excluded studies reasons for exclusion for
26 studies are shown. For 14 studies, only a conference abstract
was available and no full-text article was published. Eight studies
reported on calcitonin testing in preoperative participants, which
was not the topic of this review. One study reported on calcitonin
testing in isthmic thyroid nodules; because this study group
evaluated only nodulesin a specific part of the thyroid, we excluded
this study. Three studies did not specify the number of participants
with nodular thyroid disease.

Methodological quality of included studies

In Figure 3 we showed the risk of bias and applicability concerns of
the 16 included studies. In the domain 'Patient selection', one study
scored high on the risk of bias as participants were included who
showed evidence of growth during follow-up examinations (Hatzl-
Griesenhofer 2002). This might have increased the rate of included
patients with a malignancy. In all studies we scored the risk of bias
for the conducting, or interpretation of the calcitonin test as low,
because all studies used a pre-specified threshold. The risk of bias
with regard to the conducting or interpretation of the reference
standard was unclear in all studies, as the reference standard was
not described for most of the calcitonin-negative participants. In
some patients histological verification was obtained because the
operation was carried out for other reasons, but in the patients
who did not have thyroid surgery, almost no information on clinical
follow-up was provided. Due to this missing information about the
reference standard, resulting in a verification bias, the risk of bias
with regard to flow and timing was high in all studies except one
(Hasselgren 2010). In this study using a cross linkage with a national
thyroid cancer database we scored the risk as unclear. We had no
applicability concerns for any of the included studies.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 13
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 3. Methodological quality graph: risk of bias and applicability concerns summary: review authors'
judgements about each domain for each included study
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Findings

The sensitivity of the reported basal calcitonin testing cut-off
(ranging from 4.6 pg/mL to 100 pg/mL) in the 15 included studies
(n=72,834) ranged from 83% to 100%, while the specificity ranged
from 94% to 100% (Figure 4). In Schuetz 2006 we identified no

MTC patients with nodular thyroid disease and could not calculate
sensitivity. Figure 5 shows the summary ROC plot with the summary
curve and 95% confidence and prediction regions of basal reported
calcitonin cut-off values. The median specificity of the included
studies was 96.6% with an estimated sensitivity of 99.7% (95% ClI
68.8 to 100).

Figure 4. Forest plot showing sensitivity and specificity of reported basal calcitonin (bCT) cut-off values (range
4.6 pg/mL to 100 pg/mL). (TP: true positive, FP: false positive, FN: false negative, TN: true negative, bCT: basal
calcitonin). $Two different calcitonin assays were used during the study period, in which only 14 patients were

measured with the second assay, therefore only the cut-off value of 100 pg/mL was taken into account. # Gender-

specific cut-off value was used (females: 4.6 pg/mL; males 11.5 pg/mL). * Two different assays with different cut-off
values were used during the study period.
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Figure 5. Summary ROC Plot showing the summary curve of basal reported calcitonin cut-off values (range 4.6 pg/

mL to 100 pg/mL)
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Cut-off value

We extracted data for several cut-off values from the included
studies, r anging from 10 pg/mL to 100 pg/mL. Summary estimates
of sensitivity and specificity for the different cut-off values of
basal calcitonin other than 10 pg/mL could not be calculated due
to limited number of studies. For the 10 pg/mL cut-off analysis
10 studies were included (n = 44,393), six studies were excluded
because no data were reported or could be extracted for this cut-

off value (Rieu 1995; Ozgen 1999; Hatzl-Griesenhofer 2002; Elisei
2004; Hasselgren 2010; Schneider 2012). With the cut-off value
of 10 pg/mL the sensitivity of the individual studies ranged from
92% to 100%, while specificity ranged from 95% to 99%; summary
estimates were 100% (95% Cl 99.7 to 100) for sensitivity and 97.2%
(95% Cl 95.9 to 98.6) for specificity(Figure 6). With the highest cut-
off value of 100 pg/mL sensitivities ranged from 42% to 100% and
specificity from 95% to 100% ( (Summary of findings 1).
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Figure 6. Forest plot showing sensitivity and specificity of basal calcitonin (bCT) cut-off value of 10 pg/mL. (TP: true
positive, FP: false positive, FN: false negative, TN: true negative, bCT: basal calcitonin)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI)  Specificity (95% CI)
Costante 2007 15 267 0 5535  1.00[0.78,1.00]  0.95(0.95,0.95] —= u
Giovanella2012 2 12 0 1222 100[016,1.00]  089[083,089 ————*® u
Grani 2012 2 33 0 1032 1.00[046,1.00]  096(095087] ———————® u
Hahrm 2001 10 46 0 1392  1.00[0.69,1.00]  0.87[0.96,0.98] —= u
Hermann2010 2 15 0 990  1.00[016,1.00]  089[0.83,089 ——————*® u
Karanikas 2004 1 12 0 182 1.00[0.03,1.00]  0.84(0.88,0.97] u =
Papi 2006 9 10 0 1406  1.00[0.66,1.00]  0.89[0.89,1.00] —= u
Rink 2009 28 857 0 21043 1.00[0.88,1.00]  0.96(0.96, 0.96] —= u
Schuetz 2006 0 5 0 100 Motestimable  0.85 [0.89, 0.88] -
Vierhapper 2005 33 474 3 9647  082(0.78,0.88] 095095096, . 0 = . . o ®
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Stimulated calcitonin

In13 studies (n = 69,702) the basal calcitonin test was combined
with stimulated calcitonin. Eleven studies used a stimulated
calcitonin threshold of 100 pg/mL. One study used a threshold of
60 pg/mL and one study used a gender-specific threshold (50 pg/

mL for females and 80 pg/mL for males). Sensitivity of individual
studies ranged between 82% and 100% and specificity ranged from
99% to 100%. The median specificity in these studies was 99.8%
with an estimated sensitivity of 98.8% (95% CI 65.8 to 100) (Figure
7; Summary of findings 1). Due to limited numbers of studies no
summary estimates could be calculated for different cut-off values.

Figure 7. Forest plot showing sensitivity and specificity of basal and stimulated reported calcitonin testing cut-off
values (range basal calcitonin 4.6 pg/mL to 35 pg/mL, range stimulated calcitonin 50 pg/mL to 100 pg/mL). (TP: true
positive, FP: false positive, FN: false negative, TN: true negative, bCT: basal calcitonin, sCT stimulated calcitonin).#
Gender-specific cut-off value was used (females: 4.6 pg/mL; males 11.5 pg/mL). * Two different assays with different

cut-off values were used during the study period.

Study TP FP FN TN sCT bCT Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% CI)
Costante 2007 15 11 0 5791 100 10 1.00[0.78, 1.00] 1.00[1.00,1.00] —=a u
Elisei 2004 4 0 0 1088 B0 20 1.0000.92,1.00] 1.00[1.00,1.00] - u
Giovanella 2012 2 2 0 1232 100 10 1.00[0.16, 1.00] 1.00[089,100] ————™ u
Hahirn 2001 10 2 0 1436 100 10 1.00[0.69, 1.00] 1.00[0.98, 1.00] —a u
Hatzl-Griesenhofer 2002 12 23 0 3796 100 4611.5¢  1.00([0.74,1.00] 0.99[0.98, 1.00] —a u
Herrmann 2010 2 3 0 1002 100 10 1.00[0.16,1.00] 1.00[089,1.00) ——————™* u
Karanikas 2004 11 0 193 100 10 1.00[0.03,1.00] 098[087,100] —————————*® u
Papi 2006 9 1 0 1415 100 5 1.00[0.66,1.00] 1.00[1.00,1.00] —a u
Rieu 1985 4 0 0 465 100 1m35Y 1.00([0.40,1.00] 1.00[0.84, 1.00] — u
Rink 2009 1151 0 21198 S0/80% 10 1.00[0.72,1.00] 1.00[1.00,1.00] —= u
Schneider 2012 9 8 2 11238 100 13 0.82[0.48 099 1.00[1.00,1.00] — u
Wierhapper 2005 3 72 3 10025 100 10 0.91[0.76,0.99] nespes,o0Le o, 0 w0 . W
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Gender specific basal calcitonin cut-off values for all included participants

In Summary of findings 1 we report summary estimates for basal
calcitonin of female and male subgroups. For women the sensitivity
could be derived in six studies (n = 14,858) and ranged between
96% and 100% and the specificity ranged between 96% and 100%.
For men the sensitivity could be derived in six studies (n = 4339)
and ranged between 82% and 100% and the specificity ranged and
between 90% and 100% (Figure 8). Only one study used gender-

(Hatzl-Griesenhofer 2002). Another study which used two assays
during the study period also had a gender-specific cut-off for the
second assay, but this concerned only 14 participants (Hasselgren
2010). The study of Rink and colleagues used gender-specific
stimulated calcitonin cut-off values (Rink 2009). Due to the limited
number of studies we could not calculate summary estimates for
different cut-off values.

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 17
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Figure 8. Forest plot of basal calcitonin testing reported cut-off values for females and males (range basal calcitonin
4.6 pg/mL to 35 pg/mL, range stimulated calcitonin 50 pg/mL to 100 pg/mL). (TP: true positive, FP: false positive, FN:

false negative, TN: true negative, bCT: basal calcitonin).

Basal calcitonin reported cut-off values females

Study TP FP FN TN Cut-off bCT Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% CI)
Giovanella 2012 0 5 0 BGES 10.0 Mot estirmable 0.99[0.98, 1.00] L
Hatzl-Grigsenhofer 2002 T 133 0 2933 4.6 1.00 [0.58, 1.00] 0.96 [0.95, 0.95] e L]
Herrrmann 2010 1 0 0 566 10.0 1.00[0.03, 1.00] 1.00[089 100 —————————1& L]
Ozgen 1939 3 0o o 583 300 1.00[0.29,1.00] 1.00[0.99, 1.00] — L
Papi 2008 4 11 0 1129 5.0 1.00 [0.40,1.00] 0.959[0.98, 1.00] E— L
Yierhapper 2005 24 302 1 8487 10.0 0.96 [0.80, 1.00] 087086087 , . | =—!I —_— !I
0020406081 0020406081
Basal calcitonin reported cut-off values males
Study TP FP FN TN Cut-off bCT Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% CI)
Gigvanella 2012 2 T 0O 553 10.0 1.00[0.16, 1.00] 0.99[0.97, 0.98] — % L]
Hatzl-Griesenhofer 2002 5 85 0 736 115 1.00[0.48,1.00] 0.90[0.87,0.92] — L]
Herrmann 2010 1 15 0 424 10.0 1.00[0.03, 1.00] 097084088 — 14 L]
Ozgen 1999 1 0 0 186 300 1.00[0.03, 1.00] 100088100 —————————1 L]
Papi 2008 5 30 273 5.0 1.00[0.48,1.00] 0.99[0.97,1.00] — L]
Wierhapper 2005 9 172 2 1860 10.0 0.82[0.48, 0.98] 0.92 [0.90, 0.93] —Y L

Other sources of heterogeneity

Due to the limited number of studies or limited reporting of
studies no summary estimates could be calculated for the following
sources of heterogeneity.

Age

Average, median age or both were described in 12 studies, but
only one study reported the results of calcitonin testing specified in
different age groups (Papi 2006). Mean age ranged between studies
between 42.1 and 56 years and total range of age was between
eight and 97 years (Characteristics of included studies). The study
of Papi grouped patients in four different age categories (18 to 39
years; 40 to 49 years; 50 to 64 years; and > 65 years), and with
inclusion of the MTC patients there was a significant increase of
serum calcitonin concentration with age (2 pg/mL in patients 18 to
39 years versus 12.6 pg/mL in patients > 65 years). However, this
significant correlation was lost when MTC patients were excluded
(Papi 2006)

Detection method of thyroid nodules

In nine studies information was available on whether thyroid
nodules in the included participants were detected through
palpation or US; four studies included participants with thyroid
nodules found by US and five studies included participants with
thyroid nodules detected through US or palpation.

Nodule size

With regard to nodule size, one study (Papi 2006) reported
detailed information on summary measures of size for all included
participants. The average nodule size of all participants in this
study was 21.8 mm (+ 4 mm; range 7 mm to 60 mm). The average
nodule size of patients with elevated calcitonin was 19.4 mm (+
2 mm; range 7 mm to 52 mm) versus 20.9 mm (+ 4.7 mm; range
7 mm to 44 mm) for patients with MTC. No correlation between
nodule size and MTC was assessed. Three other studies provided
also information of nodule size in all participants with an average

I } J } I J } J J |
0020406081 0020406081

nodule size of 14.66 mm (+ 7.5 mm) provided in one study (Grani
2012) and a range provided in the two other studies (which were
5 mm to 40 mm and 3 mm to 45 mm, respectively) (Costante
2007; Herrmann 2010). Four studies provided only information
on nodule size of participants with elevated calcitonin levels
(Giovanella 2012; Herrmann 2010; Rink 2009; Schuetz 2006), and
four studies provided only information on nodule size of MTC
patients (Elisei 2004; Hasselgren 2010; Schneider 2012; Vierhapper
2005) see Characteristics of included studies.

Number of nodules

None of the studies presented information on number of nodules
of all participants. Three studies provided information on the
number of participants with uni- or multinodular thyroid disease
(Hasselgren 2010; Papi 2006; Rieu 1995). The percentage of patients
with uninodular disease ranged between 27.2% and 38.2%, the
percentage of patients with multinodular disease ranged between
51% and 69.5%. In these studies, no correlation was assessed
between uni- or multinodularity and MTC.

Sonographic morphology of thyroid nodules

None of the studies presented information on US morphology of all
participants.

Fine needle aspiration (FNA) method

In eight studies information was provided on whether FNA
procedures were performed through palpation or US; in one study
both techniques were performed, in six studies US-guided FNA
was used and in one study FNA procedures were performed by
palpation.

Type of stimulation test

There was no heterogeneity in the type of stimulation test as
all studies performing a stimulation test used the same type of
stimulative (pentagastrin) and the same dose (0.5 ug/kg).
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Sensitivity analysis

We planned to perform a sensitivity analysis with regard to
methodological quality items scored with the QUADAS-2 tool.
However, no large differences were seen between studies regarding
risk of bias There was only one study that had a high score with
regard to the risk of bias on the domain of patient selection (Hatz!-
Griesenhofer 2002) as explained in the section Methodological
quality of included studies. This study was already excluded in the
cut-off covariate analysis of 10 pg/mL, so no additional sensitivity
analysis was performed. In the 'Risk of bias' domain with regard
to the index test all the studies had a low risk, whereas the risk of
bias associated with the reference standard and patient selection
was assessed in all studies as unclear or high. Furthermore, in
all studies there were low concerns of applicability.Therefore, no
separate sensitivity analysis in these domains was performed.

DISCUSSION

Summary of main results

In this review we included 16 studies for determination of the
diagnostic accuracy of calcitonin testing in participants with
thyroid nodules. Different thresholds were used, but median
specificity across studies was high (96.6%) with a high estimated
sensitivity (99.7%, (95% Cl 68.8 to 100)). For a specific threshold
of 10 pg/mL for basal calcitonin we also found high summary
estimates of sensitivity 100% (99.7% to 100%) and specificity 97.2%
(95.6% to 98.6%).

Strengths and weaknesses of the review

We evaluated the diagnostic accuracy of calcitonin testing for
detection of medullary thyroid carcinoma (MTC) in patients with
thyroid nodules with a comprehensive search of the literature and
performing a formal diagnostic meta-analysis.

One of the major limitations of this review is the lack of adequate
reference standards for participants with a negative calcitonin
test in 15 of the 16 included studies. This increases the risk that
participants with a false-negative calcitonin test are missed and
the reported sensitivities are overestimated. In two of the included
studies, MTC patients with a false-negative calcitonin test were
identified (Schneider 2012; Vierhapper 2005). One explanation may
be that the histopathological examination focused more on the
detection of MTC in (plasma) calcitonin-negative thyroid nodules
in the associated studies. In studies performing preoperative
calcitonin testing, the rate of MTC patients with a false-negative
test ranged between 12.5% to 14.3% of all MTC patients identified
(Chambon 2011; Niccoli 1997). Because the prevalence of MTC
is low in people with thyroid nodules, even a small number of
participants with a false-negative calcitonin test can markedly
affect sensitivity. The clinical relevance of these MTCs with a false-
negative test can be discussed as in most calcitonin testing studies
these are patients with a micro-MTC without nodal metastasis.
However, reports also exist on MTC patients with more aggressive
disease and undetectable calcitonin levels (Frank-Raue 2013).

We assessed the risk of bias and applicability of the included
studies using the QUADAS signalling questions. This gave rise to
very similar results across all the domains of the risk of bias
and applicability concerns for most of the studies, so a planned
sensitivity analysis with regard to methodological quality was not
performed. The risk of bias and applicability concern with regard

to patient selection and the index test were considered low, which
may be the result of our strict inclusion criteria. Most concerns
existed with regard to the reference standard and the flow and
timing of patients, because patients did not receive the same
reference standard, and the information provided on the clinical
follow-up was absent in almost all studies. These concerns are, as
mentioned above, a major limitation of this review.

Another limitation of this review is the small number of studies
that could be included in final analyses. Due to this small number
we could evaluate only for a few subgroups summary measures.
Furthermore, we could not establish an optimal cut-off point due to
the heterogeneity of the used cut-off levels in the different studies.
This was further complicated by the large heterogeneity in assay
types and manufacturers.

Other reports

Other reviews have been published on the value of calcitonin
testing in the detection of MTC, although no systematic reviews
were performed. Daniels 2011 provided an overview of 15 studies,
but also included participants with preoperative calcitonin testing
and multiple studies of one study group. He concluded that due
to the large reservoir of undetected micro MTCs of uncertain
malignant potential, and the unavailability of pentagastrin in the
USA, calcitonin testing is not indicated in the USA and Canada
(Daniels 2011). Costante 2009 evaluated 11 studies in their review
and concluded that the question whether to routinely measure
calcitonin remained unsolved because no evidence exists whether
testing actually reduces MTC-related mortality (Costante 2009).

Applicability of findings to the review question

This review provides summary estimates of sensitivity and
specificity for basal and stimulated calcitonin. The role of calcitonin
testing in the diagnostic evaluation in thyroid nodules remains
unclear. The final purpose of calcitonin testing is to detect patients
with MTC at an early stage, in which the chance of biochemical
cure improves and thus the prognosis of patients. The findings
of this review indicate that calcitonin testing is a very sensitive
and specific test, but this has to be interpreted bearing in mind
the low prevalence of MTC. The positive predictive value of
calcitonin testing is therefore low, especially with lower cut-off
values. Although several conditions are known to cause increased
calcitonin levels, still in a fairly large proportion of participants
with elevated calcitonin levels MTC cannot be excluded. Repeated
calcitonin testing and follow-up in these participants is therefore
warranted. A number of these persons will be operated without
histological evidence of MTC. Some individuals will have C-Cell
hyperplasia, but the clinical relevance of this finding and its
malignant potential remain unclear.

Cost-effectiveness in health care becomes more and more
important. In this review no formal cost-effectiveness analysis was
performed, so no validated statements can be made. However,
Cheung 2008 performed a cost-effectiveness analysis in which
calcitonin testing was cost-effective similar to colonoscopy and
mammography screening (Cheung 2008). In their hypothetical
model, several parameters had an important influence on cost-
effectiveness, such as specificity of the calcitonin test and
prevalence of MTC. Cheung 2008used a cut-off value of 50 pg/mL
with a specificity of 98% in the baseline model, almost similar
to the 96.6% median specificity we found of the basal calcitonin
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test. However, the MTC prevalence established in our review was
0.23%; one third of the prevalence used by Cheung and colleagues.
With a three times lower prevalence, costs will also increase almost
three times. In a review of autopsy studies, the prevalence of occult
MTC was estimated to be 0.14% (Valle 2011). Although it is not
known if all MTCs detected at autopsy are clinically irrelevant and
could be detected through calcitonin screening, a proportion of
these tumours will be, further lowering the prevalence of clinically
relevant MTCs. Our findings with regard to sensitivity, specificity
and MTC prevalence, applied to the cost-effectiveness model of
Cheung 2008, imply that basal calcitonin testing does not seem to
be cost-effective. The effects on cost-effectiveness of a combined
basal and stimulated calcitonin on cost-effectiveness are more
difficult to estimate. In their model Cheung 2008 gave a sensitivity
and specificity for this combined approach of 80% and 98%,
respectively while our summary estimates show both a higher
sensitivity and specificity. However, it is likely that this model is
influenced by the prevalence of MTC, decreasing cost-effectiveness
with lower prevalence.

AUTHORS' CONCLUSIONS

Implications for practice

Calcitonin testing can be a sensitive and specific instrument for
detecting medullary thyroid carcinoma (MTC) in thyroid nodules.
However, due to the low prevalence of MTC, its role as a screening
tool remains unclear. If we apply our findings from a basal
calcitonin test with a cut-off of 10 pg/mL to a population of
10,000 persons with a MTC prevalence of 0.23% (median prevalence
of the included studies), 23 people will have MTC. All these 23
individuals will have an elevated basal calcitonin test, while 280
people without MTC also will have an elevated basal calcitonin. The
positive predictive value (PPV) of the calcitonin test in this situation
is 7.7% (95% Cl 4.9 to 12.1). Surely not all persons with an elevated
basal calcitonin will be operated but even if a cause of elevated
calcitonin can be established in 90% of the individuals with a false-
positive test, the remaining 10% of people (N =28) of the individuals
might be operated unnecessarily. This operation results in life-long
thyroid hormone supplementation and also has a risk of recurrent
laryngeal nerve damage and hypoparathyroidism. Increasing cut-
off values is likely to result in a higher specificity and thus a higher
positive predictive value (PPV), but can come at the cost of patients
with missed MTC, although we could not formally test this. Also,
adding a stimulated calcitonin test is likely to increase specificity
with very little effect on sensitivity, however we could not calculate
a summary estimate for a specific cut-of due to the limited number
of studies.

The major reason to perform calcitonin testing is ultimately
to improve prognosis of patients with MTC. The supposed
value of calcitonin testing is the detection of patients with
MTC at an earlier stage in which biochemical cure is still
possible. However, to assess this, one has to know which of
the patients with MTC would not have been detected through
regular examinations (ultrasonography (US), fine needle aspiration
(FNA), optional calcitonin or a combination thereof), and who
of these detected individuals by calcitonin testing has or will
develop a clinically relevant MTC. Some studies demonstrate
that survival was significantly improved after introduction of
routine calcitonin testing in people with thyroid nodules (Alevizaki

2012; Elisei 2004; Karga 2011). However, these studies have
made their comparison with a historical group, and other factors
might also have contributed to improved survival. These factors
included, e.g. improved surgical treatment strategies and use
of US. Furthermore, it is also interesting to note that MTC was
supposedly detected at an earlier stage in these studies, but
the age of the screened MTC patients was not lower compared
to the participants that were not screened (Elisei 2004; Karga
2011). As MTC is considered to be a slow-growing tumour which
takes several years to become clinically evident, the fact that
patients with MTC in the screened groups are of equal or even
higher age, might indicate that additional MTC patients have
been detected who would have otherwise had an indolent course
of their disease. Another indication that otherwise undetected
and possibly indolent patients with MTC are identified is the
increased number of MTC patients detected in shorter periods in
the calcitonin-tested patients compared to the historical cohorts
(Alevizaki 2012; Elisei 2004).

On the basis of the results of our review, there is insufficient
evidence for a routine calcitonin test in all patients with a
thyroid nodule. An alternative for routine testing is optional
use and to perform the calcitonin test only on indication.
These indications include: a suspicious clinical presentation,
an inconclusive FNA result, or both. There may be a role for
preoperative application for the calcitonin test, however this was
not the scope of this review. The reported sensitivity of routine
preoperative testing is lower compared to routine calcitonin
testing in all participants. The lower sensitivity is likely the
result from a difference in verification method; studies including
only preoperative persons have histological verification in all
calcitonin test-negative participants, while studies including all
participants have only histological confirmation in a limited
number of calcitonin test-negative participants (e.g. operated for
other causes). The studies in which only a part of the patients will
have histological verification are more likely to have a verification
bias and are thus at risk to overestimate sensitivity. However,
the sensitivity of preoperative calcitonin testing to detect MTC is
reported to be higher than FNA cytology and can increase the rate
of correct preoperative diagnoses (Bugalho 2005). This may result
in more adequate initial surgical procedures which is of crucial
importance in patients with MTC.

Implications for research

This review shows that the diagnostic accuracy of calcitonin testing
in MTC is high. However, this conclusion is based on studies in
which the MTC prevalence in calcitonin-negative participants might
have been underestimated, due to lack of (reporting) adequate
reference standards in calcitonin-negative participants. Future
studies should therefore report more accurately on the follow-up
of calcitonin-negative participants, to ensure that no MTC patients
are missed, and also to provide more information on the clinical
behavior of these tumours. Furthermore, accurate reporting of
assay type and manufacturer is crucial for establishing optimal cut-
off points for diagnosis of MTC. Also, the role of the calcitonin test,
being a triage or add-on test next to FNA ( including measurement
of calcitonin in washout fluids) should be further evaluated.
Furthermore, reporting results for subgroups may also identify
subgroups with a higher MTC prevalence in which calcitonin testing
can be more cost-effective.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [author-defined order]

Rieu 1995

Study characteristics

Patient sampling

Design: prospective cohort study

Inclusion criteria: participants with thyroid nodules detected by clinical examination or with abnormal TSH
levels or both

Exclusion criteria: —

Patient characteris-
tics and setting

Number of participants: 657 participants

Number with NTD: 469 participants

Number with NTD and calcitonin testing: 469 participants

Sex (female%)(N): 88.1% (579/657); only reported of whole study population

Age (year, mean/SD): 45, SD: - range: 15-87 years; only reported for the whole study population
MTC: 4 participants

Type of thyroid nodules: non toxic uninodular goitre (N = 136), autonomously functioning thyroid nodule (N
= 14), non toxic multinodular goitre (N = 224), toxic multinodular goitre (N = 15), nodular Hashimoto thyroidi-
tis (N =53), nodular Graves' disease (N = 25), nodular formation related to subacute thyroiditis in a hyperthy-
roid phase (N=2).

Thyroid nodules detected by palpation or US: both, number not specified

Nodule size: —

Number of nodules: uninodular (N = 150), multinodular (N =239), - (N = 80)

Sonographic morphology of thyroid nodules: a localised thyroid area was considered nodular when it had
a distinctive rim at two different incidences. When this rim was absent, a thyroid area with round or oval pat-
terns, and also echogenicity different from that of the surrounding normal tissue, was classified as nodular
FNA procedures performed through ultrasound guidance or palpation: —

Setting: —

Country: France

Index tests

Index test: basal and stimulated calcitonin

Calcitonin as a triage or add-on test: —

Used calcitonin assay:

01-1989 - 12-1989, RIA (Mallinckrodt Medical SA, Evry, France)
01-1990 - 12-1993: IRMA (CIS-Oris International, Saint Quentin en Yvelins, France)
Stimulated calcitonin: yes

Indication: participants with basal serum CT above normal range
Stimulative: pentagastrin

Dose: 0.5 ug/kg

Time: 0, 3, 5, 15 and 30 minutes after injection

Reported and extracted cut-off values

Basal: reported: RIA: 35 ng/L, IRMA 10 ng/L; extracted 50 ng/L; 100 ng/L
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Rieu 1995 (Continued)

Stimulated: reported: 100 ng/L; extracted 100 ng/L.

Target condition Target condition: MTC
and reference stan-
dard(s) Reference standards: FNA in participants whose nodular formation was accessible to such a procedure, in

selected participants histopathological examination after surgery

Indication surgical treatment: participants with increased basal serum CT values, pentagastrin stimulat-
ed CT levels > 100 pg/L, regardless of FNAC result, FNAC suggestive of thyroid carcinoma (N = 7), compressive
goitre (N =4)

Type of surgical treatment: for suspected MTC total thyroidectomy and central neck dissection. Bilateral
modified neck dissection was performed only in the presence of evident lymph node involvement in one or
both sides. For all other types of thyroid carcinoma, total thyroidectomy and lymph node dissection on the
side of the thyroid nodule(s) or bilaterally (as appropriate)

Calcitonin negative (N = 465)

Number FNAC: —

Number operated: 11 participants

Calcitonin positive: (N=4)

Number FNAC: 4 participants

Number operated: 4 participants

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —

Follow-up calcitonin positive: —

Type: —
Duration: —

Comparative

Publication details Language of publication: English
Funding: —

Publication status: full article

Stated aim of study Quote from publication: "to asses the prevalence of sporadic MTC in nodular and non-nodular thyroid dis-
eases by routine basal serum CT measurements"

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutiveor  Yes
random sample of
patients enrolled?

Was a case-control Yes
design avoided?
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Rieu 1995 (Continued)

Did the study avoid
inappropriate exclu-
sions?

Unclear

Low

Low

DOMAIN 2: Index Test All tests

If a threshold was
used, was it pre-
specified?

Yes

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan-
dards likely to cor-
rectly classify the tar-
get condition?

Unclear

Were the reference
standard results in-
terpreted without
knowledge of the
results of the index
tests?

Unclear

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appro-
priate interval be-

tween index test and
reference standard?

Unclear

Did all patients re-
ceive the same refer-
ence standard?

No

Were all patients in-
cluded in the analy-
sis?

Yes

Did all patients re-
ceive the reference
standard?

No

High

Ozgen 1999

Study characteristics

Patient sampling

Design: prospective study
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0zgen 1999 (Continued)

Inclusion criteria: participants with nodular goitre

Exclusion criteria: participants with previously known medullary carcinoma and their relatives

Patient characteristics and
setting

Number of participants: 773 participants

Clinical features: participants with nodular goitre

Number with NTD: 773 participants

Number with NTD and calcitonin testing: 773 participants
Sex (female%)(N): 75.8% (586)

Age (mean/SD): range: 42.1 years, range 17-78

Number with MTC: 4 participants

Type of thyroid nodules: multinodular goitre (nontoxic/toxic), solitary (nontoxic/toxic) thyroid nod-
ules

Thyroid nodules detected by palpation or US: both; number not specified
Nodule size: —

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: both (US guidance in
nonpalpable nodules), number not specified

Setting: outpatient clinic

Country: Turkey

Index tests

Index test: basal calcitonin
Calcitonin as a triage or add-on test: —

Used calcitonin assay: commercial kit; DSL-5200 Ultrasensitive calcitonin RIA kit, Diagnostic System
Laboratories Inc., Webster, Tx.

Sensitivity: —

Stimulated calcitonin: no

Indication: —

Stimulative: —

Dose: —

Time: —

Reported and extracted cut-off values

Basal: reported: 30 pg/mL; extracted:30 pg/mL, 50 pg/mL, 100 pg/mL

Stimulated: —

Target condition and refer-
ence standard(s)

Target condition: MTC

Reference standards: FNAB and in selected cases histopathological examination after surgery
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0zgen 1999 (Continued)

Indication surgical treatment: malignant or suspicious results in FNAB, or elevated calcitonin lev-
els regardless of the result of FNAB

Type of surgical treatment: thyroid surgery

Calcitonin negative (N = 669)

Number FNAB: 669 participants
Number operated: 171 participants
Calcitonin positive: (N = 4)
Number FNAB: 4 participants
Number operated: 4 participants

Flow and timing

Follow-up calcitonin negative: —

Type: —
Duration: —

Follow-up calcitonin positive: described for 3 MTC participants
Type: basal and stimulated calcitonin levels

Duration: 14-18 months

Comparative

Publication details

Language of publication: English
Funding: —

Publication status: full article

Stated aim of study

Quote from publication: "To identify MTC by screening patients who have thyroid nodules with
basal calcitonin measurements and to determine whether basal serum calcitonin measurement
should be a part of the routine evaluation of a nodular goitre."

Notes
Methodological quality
Item Authors' judgement Risk of bias Applicability concerns
DOMAIN 1: Patient Selection
Was a consecutive or random  Yes
sample of patients enrolled?
Was a case-control design Yes
avoided?
Did the study avoid inappro-  Yes
priate exclusions?
Low Low
DOMAIN 2: Index Test All tests
If a threshold was used, was Yes
it pre-specified?
Low Low
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0zgen 1999 (Continued)

DOMAIN 3: Reference Standard

Is the reference standards
likely to correctly classify the
target condition?

Unclear

Were the reference standard
results interpreted without
knowledge of the results of
the index tests?

Unclear

Unclear Low

DOMAIN 4: Flow and Timing

Was there an appropriate in-
terval between index test and
reference standard?

Unclear

Did all patients receive the
same reference standard?

No

Were all patients included in
the analysis?

Yes

Did all patients receive the
reference standard?

No

High

Hahm 2001

Study characteristics

Patient sampling

Design: cohort study
Inclusion criteria: participants with nodular thyroid disease

Exclusion criteria: —

Patient characteristics and
setting

Number of participants: 1448 participants

Number with NTD: 1448 participants

Number with NTD and calcitonin testing: 1448 participants
Sex (female%)(N): 80,3% (1163)

Age (mean/SD): 46 years Range: 14-86 years

Number with MTC: 10 participants

Type of thyroid nodules: —

Thyroid nodules detected by palpation or US: —

Nodule size: —

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: —
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Hahm 2001 (continued)

Setting: Thyroid clinic of Samsung Medical Center

Country: Korea

Index tests

Index test: basal and stimulated calcitonin

Used calcitonin assay: two-site immunoradiometric assay commercial kit (MED-GENIX CT-US.-IRMA
kit) BioSource Europe S.A., Belgium

Sensitivity: 0.8 pg/mL
Stimulated calcitonin: yes

Indication: reported for 39 participants: basal calcitonin > 10 pg/mL (N = 23), family members of
MEN2 or MTC participants (N = 14) and FNAC findings suspicious for MTC (N = 2)

Stimulative: pentagastrin (Peptavlon, Ayerst Laboratories Ind. Philadelphia, PA)
Dose: 0.5 ug/kg body weight

Time: just before, 2, 5, and 10 minutes

Reported and extracted cut-off values

Basal: reported: 10 pg/mL (N = 56); extracted: 10, 20, 30, 50, 100 pg/mL

Stimulated: reported: 100 pg/mL; extracted: 100, 200 pg/mL

Target condition and refer-
ence standard(s)

Target condition: MTC

Reference standards: FNAC in all participants with palpable or visible thyroid nodule by US, in select-
ed participants histopathological examination after surgery

Indication surgical treatment: abnormal findings suspicious of malignancy by FNAC, participants
who had basal or stimulated calcitonin concentrations of more than 100 pg/mL

Type: thyroidectomy

Calcitonin negative (N = 1392 participants)
Number FNAC: —

Number operated: 169 participants
Calcitonin positive: (N = 56 participants)
Number FNAC: 55 participants

Number operated: 25 participants

Flow and timing

Follow-up calcitonin negative: —

Type: —
Duration: —

Follow-up calcitonin positive: —

Type:
Duration:

Comparative

Publication details

Language of publication: English

Funding: other funding
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Hahm 2001 (continued)

Publication status: peer review journal/journal supplement/full article/conference paper/other)

Stated aim of study Quote from publication: "To evaluate the usefulness of routine measurement of serum calcitonin
concentration in patients with nodular thyroid diseases, and to identify the validity of pentagastrin
simulation test and FNAC"

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or ran- Yes
dom sample of patients en-

rolled?

Was a case-control design Yes
avoided?

Did the study avoid inap- Unclear

propriate exclusions?

Low Low

DOMAIN 2: Index Test All tests

If a threshold was used, was  Yes
it pre-specified?

Low Low

DOMAIN 3: Reference Standard

Is the reference standards Unclear
likely to correctly classify
the target condition?

Were the reference stan- Unclear
dard results interpreted

without knowledge of the

results of the index tests?

Unclear Low

DOMAIN 4: Flow and Timing

Was there an appropriate Unclear
interval between index test
and reference standard?

Did all patients receive the No
same reference standard?

Were all patients included Yes
in the analysis?
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Hahm 2001 (continued)

Did all patients receive the
reference standard?

No

High

Hatzl-Griesenhofer 2002

Study characteristics

Patient sampling

Design: retrospective cohort study

Inclusion criteria: participants with nodular thyroid disease or with evidence of nodular growth in fol-
low-up examinations

Exclusion criteria: additional author information: no participants excluded

Patient characteristics
and setting

Number of participants: 3899 participants

Number with NTD: 3899 participants

Number with NTD and calcitonin testing: 3899 participants
Sex (female%)(N): 78,8% (3073)

Age (mean/SD): 54.6 (+11.2) years range: 6-90 years
Number with MTC: 12 participants

Type of thyroid nodules: additional author information: most solitary nodules.

Thyroid nodules detected by palpation or US: —

Nodule size: —

Number of nodules: —

Sonographic morphology of thyroid nodules: only reported for MTC participants

FNA procedures performed through ultrasound guidance or palpation: additional author informa-
tion: palpation.

Setting: outpatient ward of the department of Nuclear Medicine and Endocrinology of the General Hos-
pital Linz

Country: Austria

Index tests

Index test: basal and stimulated calcitonin

Calcitonin as a triage or add-on test: —

Used calcitonin assay: a two-site chemiluminescence immunoassay, Nichols institute diagnostics
Sensitivity: 0.7 pg/mL

Stimulated calcitonin: yes

Indication: participants with slightly or moderately elevated normal calcitonin levels (< 80 pg/mL)
Stimulative: pentagastrin, Peptavlon, Zeneca, Vienna

Dose: 0.5 ug/kg

Time: before, 2, 5, and 8 minutes

Reported and extracted cut-off values
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Hatzl-Griesenhofer 2002 (continued)
Basal: reported: females: 4.6 pg/mL; males 11.5 pg/mL; extracted: females: 4.6 pg/mL; males 11.5 pg/mL

Stimulated: reported:100 pg/mL (males and females); extracted: 100 pg/mL

Target condition and ref-  Target condition: MTC

erence standard(s)
Reference standards: histological evaluation in participants referred to surgery

Indication surgical treatment: markedly elevated bCT and positive pentagastrin stimulation tests
Type: hemithyroidectomy, (sub)total thyroidectomy, node dissection in selected participants
Calcitonin negative ( N = 3669 participants)

Number FNA: —
Number operated: —
Calcitonin positive: (N =230 participants)

Number FNA: —
Number operated: 39 participants (?)

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —

Follow-up calcitonin positive: (1) participants with pathological stimulation test in which the consul-
tant for internal medicine dissuaded against surgery because of elevated risks (N = 2).

(2) participants with elevated basal calcitonin levels who declined pentagastrin stimulation (N = 41).

Type: (1) ultrasound and determination of basal and stimulated calcitonin (2) clinical and biochemical
follow up

Number with follow-up: 43 participants

Duration: —

Comparative

Publication details Language of publication: English
Funding: —

Publication status: full article

Stated aim of study Quote from publication: "To evaluate retrospectively the results of routine calcitonin measurements in
patients with nodular thyroid disease"

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive orran-  Unclear
dom sample of patients
enrolled?

Was a case-control de- Yes
sign avoided?
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Hatzl-Griesenhofer 2002 (continued)

Did the study avoid inap-
propriate exclusions?

Unclear

High

Low

DOMAIN 2: Index Test All tests

If a threshold was used,
was it pre-specified?

Yes

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan-
dards likely to correctly
classify the target condi-
tion?

Unclear

Were the reference stan-
dard results interpreted
without knowledge of
the results of the index
tests?

Unclear

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropriate
interval between index
test and reference stan-
dard?

Unclear

Did all patients receive
the same reference stan-
dard?

No

Were all patients includ-
ed in the analysis?

No

Did all patients receive
the reference standard?

No

High

Elisei 2004

Study characteristics

Patient sampling

Design: cohort study

Inclusion criteria: participants with nodular thyroid disease; additional author information: presence of

at least one thyroid nodule.

Exclusion criteria: —

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

37



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Elisei 2004 (continued)

Patient characteristics
and setting

Number of participants: 10864 participants

Number with NTD: 10864 participants

Number with NTD and calcitonin testing: 10864 participants
Sex (female%)(N): 81.4% (8692).

Age (mean/SD): 49 years SD - Range: 12-82 years

MTC: 44 participants

Type of thyroid nodules: single nodules, nontoxic multinodular goitre, autonomous functioning thyroid
nodules, and autoimmune thyroid disease associated with distinct cold nodules; additional author infor-
mation: 28 MTC patiens multinodular goitre, 16 MTC participants uninodular goitre

Thyroid nodules detected by palpation or US: additional author information: US was performed in all
cases.

Nodule size: additional author information: in MTC participants cancer nodules ranged from 0.8 to 6 cm.
Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: additional author information:
ultrasound guidance

Setting: —

Country: Italy

Index tests

Index test: basal and stimulated calcitonin

Calcitonin as a triage or add-on test: —

Used calcitonin assay: solid phase 2 site immunoradiometric assay (ELSA-hCT, CIS, Gif Sur Yvette, France)
Sensitivity: 14 pg/mL

Stimulated calcitonin: yes

Indication: participants with detectable levels of basal CTand twice confirmed
Stimulative: pentagastrin

Dose: 0.5 ug/kg

Time: before, 2, 5, 15 and 30 minutes

Reported and extracted cut-off values

Basal: reported: 20 pg/mL; extracted: 20 pg/mL

Stimulated: reported 60 pg/mL; extracted: 60, 100 pg/mL

Target condition and
reference standard(s)

Target condition: MTC

Reference standards: FNAC in nodules > 1 cm or in nodules < 1 cm with suspicious aspects at neck US, in
selected participants histopathological examination after surgery

Indication surgical treatment: participants with elevated bCT levels (confirmed by abnormal Pg-stim-
ulated CT levels) regardless of the results of FNAC and in those with FNAC suspicious of malignancy inde-
pendently from the results of serum CT

Type: total thyroidectomy and dissection of the central neck compartment

Calcitonin negative (N = 10817)

Number FNAC: —

Number operated: —

Calcitonin positive: (N =47)

Number FNAC: 47 participants
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Elisei 2004 (continued)

Number operated: 44 participants

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —
Follow-up calcitonin positive: only reported of MTC participants
Type: —
Number with follow-up: 44 participants

Duration: mean 6.2 + 2.5 years (range, 3-10 years)

Comparative

Publication details Language of publication: English
Funding: non-commercial

Publication status: full article

Stated aim of study Quote from publication: "To asses whether we could confirm the results of our preliminary study of 1991
and to compare the outcome of patients diagnosed by serum CT measurement with that of a historical
group of MTC patients diagnosed and treated before the introduction of serum CT screening".

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or Yes
random sample of pa-
tients enrolled?

Was a case-control de- Yes
sign avoided?

Did the study avoid in- Unclear
appropriate exclusions?

Low Low
DOMAIN 2: Index Test All tests
If athreshold was used,  Yes
was it pre-specified?
Low Low
DOMAIN 3: Reference Standard
Is the reference stan- Unclear
dards likely to correctly
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Elisei 2004 (continued)
classify the target con-
dition?

Were the reference Unclear
standard results inter-

preted without knowl-

edge of the results of

the index tests?

Unclear Low

DOMAIN 4: Flow and Timing

Was there an appropri- Unclear
ate interval between in-

dex test and reference

standard?

Did all patients receive No
the same reference
standard?

Were all patients in- No
cluded in the analysis?

Did all patients receive No
the reference standard?

High

Karanikas 2004

Study characteristics

Patient sampling Design: cohort study
Inclusion criteria: participants referred for the work-up of various suspected thyroid disorders

Exclusion criteria: —

Patient characteristics and Number of participants: 414 participants
setting
Number with NTD: 195 participants
Number with NTD and calcitonin testing: 195 participants
Sex (female%)(N): 79.5% (329) NB only reported for whole study population
Age (mean/SD): 56 years; SD - range: 18-88 years, NB only reported for whole study population
MTC: 1 participant (1 MTC patient in non-nodular study population)
Type of thyroid nodules: Uni and multinodular disease

Thyroid nodules detected by palpation or US: —

Nodule size: only thyroid size for participants with elevated CT; volume 21 + 10 mL
Number of nodules: —
Sonographic morphology of thyroid nodules: —
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Karanikas 2004 (continued)

FNA procedures performed through ultrasound guidance or palpation: —
Setting: outpatient department

Country: Austria

Index tests Calcitonin as a triage or add-on test: —
Index test: basal and stimulated calcitonin.

Used calcitonin assay: commercial assay by a Nichols Advantage Chemiluminescence System
(Nichols Institute Diagnostics, San Juan Capistrano, Ca, USA)

Sensitivity: 1 pg/mL

Stimulated calcitonin: yes

Indication: basal serum CT equal to or exceeding 10 pg/mL.

Stimulative: pentagastrin Injection BP, Cambridge Laboratories, Tyne & Wear, UK
Dose: 0.5 ug/kg

Time: before, 2 and 5 minutes after injection

Reported and extracted cut-off values

Basal: reported: 10 pg/mL; extracted: 10 pg/mL, 100 pg/mL

Stimulated: reported: 100 pg/mL (abnormal), 500 pg/mL (pathological); extracted 100 pg/mL

Target condition and refer-  Target condition: MTC

ence standard(s)
Reference standards: in selected participants histological examination after total thyroidectomy,

follow-up

Indication surgical treatment: participants with abnormal and pathological PG tests

Type of surgical treatment: total thyroidectomy and lymph node dissection along both recurrent
nerves in participants

Calcitonin negative (N = 182)

Number FNAC: —

Number operated: —

Calcitonin positive: (N =13)

Number FNAC: —

Number operated: 1 patient

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —
Follow-up calcitonin positive: only for MTC patient
Type: basal and stimulated CT

Number with follow-up: 1

Duration: —
Comparative
Publication details Language of publication: English
Funding: —
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Publication status: full article

Stated aim of study Quote from publication: "To compare the distribution and relevance of elevated CT levels in referrals
with nonneoplastic and neoplastic thyroid disease (...)"

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or ran- Yes
dom sample of patients en-

rolled?

Was a case-control design Yes
avoided?

Did the study avoid inap- Unclear

propriate exclusions?

Low Low

DOMAIN 2: Index Test All tests

If a threshold was used, was  Yes
it pre-specified?

Low Low

DOMAIN 3: Reference Standard

Is the reference standards Unclear
likely to correctly classify
the target condition?

Were the reference stan- Unclear
dard results interpreted

without knowledge of the

results of the index tests?

Unclear Low

DOMAIN 4: Flow and Timing

Was there an appropriate Unclear
interval between index test
and reference standard?

Did all patients receive the No
same reference standard?

Were all patients included Yes
in the analysis?
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Karanikas 2004 (continued)

Did all patients receive the
reference standard?

No

High

Vierhapper 2005

Study characteristics

Patient sampling

Design: cohort study
Inclusion criteria: participants with suspected thyroid disorders

Exclusion criteria: participants with a known elevation of hCT

Patient characteristics and
setting

Number of participants: 25,669 participants

Number with NTD: 10,292 participants

Number with NTD and calcitonin testing: 10,157 participants
Sex (female%)(N): 79.9% (8114)

Age (mean/SD): - range: —

MTC: 36 participants

Type of thyroid nodules: —

Thyroid nodules detected by palpation or US: both

Nodule size: only reported of MTC participants

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: —

Setting: thyroid outpatient clinic

Country: Austria

Index tests

Index test: basal and stimulated calcitonin
Calcitonin as a triage or add-on test: —
Used calcitonin assay:

1994-1999: a commercially available immunoradiometric assay (CIS-biointernational, Gif-Sur-Yvette,
France)

1999-2004: Acridinium-ester-labeled chemiluminescent immunoassay, running on the ‘Advantage’ au-
to-analyser (Nichols Institute Diagnostics, US)

Sensitivity: —

Stimulated calcitonin: yes

Indication: all participants with basal hCT>10.0 pg/mL
Stimulative: pentagastrin (CambridgeLaboratories, Wallsend, UK)
Dose: 0.5 ug/kg

Time: prior to, 2, 5 and 10 minutes
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Vierhapper 2005 (Continued)

Reported and extracted cut-off values
Basal: reported: 10 pg/mL extracted: 10 pg/mL

Stimulated: reported 100 pg/mL extracted: 100 pg/mL

Target condition and ref-
erence standard(s)

Target condition: MTC

Reference standards: FNAB, in selected participants histopathological examination after surgery, fol-
low-up

Indication surgical treatment: elevated basal and/or pentagastrin stimulated serum concentrations
of hCT(>100 pg/mL) or cytological findings

Type: In participants with elevated basal and/or stimulated calcitonin a total thyroidectomy was per-
formed. Routinely both recurrent nerves were dissected carefully and a systematic microdissection of
the central lymph node compartment. If MTC was documented intraoperatively a systematic bilateral
microdissection of the lateral lymph node compartments was added

Calcitonin negative (N = 9650)

Number FNA: —

Number operated: at least 1 participant
Calcitonin positive: (N =507)

Number FNAB: 15 participants (only reported for MTC patients)
Number operated: 75 participants

Flow and timing

Follow-up calcitonin negative: —

Type: —

Duration: —

Follow-up calcitonin positive: only reported of MTC patients
Type: stimulated hCTs

Number with follow-up: 32 participants

Duration: 1-9 years

Comparative

Publication details

Language of publication: English
Funding: non-commercial

Publication status: full article

Stated aim of study

Quote from publication: —

Notes

Methodological quality

Item

Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or ran- Yes
dom sample of patients
enrolled?
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Vierhapper 2005 (Continued)

Was a case-control design  Yes
avoided?

Did the study avoid inap- Unclear
propriate exclusions?

Low

Low

DOMAIN 2: Index Test All tests

If a threshold was used, Yes
was it pre-specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference standards  Unclear
likely to correctly classify
the target condition?

Were the reference stan- Unclear
dard results interpreted

without knowledge of the

results of the index tests?

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropriate Unclear
interval between index

test and reference stan-

dard?

Did all patients receivethe  No
same reference standard?

Were all patientsincluded  No
in the analysis?

Did all patients receive the  No
reference standard?

High

Papi 2006

Study characteristics

Patient sampling

Design: cohort study of consecutive participants

Inclusion criteria: (1) male & female participants > 18 years (2) palpable nodules (3) non-palpable nodules >

10 mm (4) non palpable nodule < 10 mm with malignant features on US
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Papi 2006 (continued)

Exclusion criteria: (1) participants < 18 years (2) non palpable nodules < 10 mm without malignant US fea-
tures (3) participants previously evaluated for nodular goitre by FNA and/or CT measurement (4) participants
reporting familial history of MEN and participants with known MTC (5) participants with hyper- and hypothy-
roidism without thyroid nodules (6) participants in follow-up for thyroid disease (7) participants not con-
firmed as having thyroid diseases

Patient characteris-  Number of participants: 1474 participants

tics and setting
Number with NTD: 1474 participants

Number with NTD and calcitonin testing: 1425 participants
Sex (female%)(N): 80% (1144)

Age (mean/SD): 49.6(+ 6.8) years range: 18-91 years

MTC: 9 participants

Type of thyroid nodules: euthyroid nodular thyroid disease (N = 1369), hypothyroid nodular thyroid dis-
ease (N =32), sub acute de Quervain's thyroiditis (N = 1), Graves' disease (N = 2), toxic nodular goitre (N = 21).
Multinodular disease (N = 1024), uninodular disease (N =401)

Thyroid nodules detected by palpation or US: both

Nodule size: 21.8 +4 mm

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: ultrasound

Setting: —

Country: Italy

Index tests Index test: basal and stimulated calcitonin
Calcitonin as a triage or add-on test: —

Used calcitonin assay: two-site chemiluminescence assay, Nichols institute diagnostics, San Juan Capris-
tano, CA92675, USA)

Sensitivity: 1 pg/mL

Stimulated calcitonin: yes

Indication: when basal serum CT concentrations exceeded 5 pg/mL, but not exceeded 100 pg/mL
Stimulative: pentagastrin (Cambridge laboratories, Walsend, Tyne and Wear, NE289NX)

Dose: 0.5 ug/kg

Time: before, 2, 5 and 10 minutes after injection

Reported and extracted cut-off values

Basal: reported: 5 pg/mL extracted: 5, 10, 15, 20, 30, 50,100 pg/mL

Stimulated: reported: 100 pg/mL extracted: 100, 200 pg/mL

Target condition Target condition: MTC

and reference stan-

dard(s) Reference standards: FNAC and in selected participants, histopathological examination after surgical treat-
ment

Indication surgical treatment: basal serum CT concentrations > 5 pg/mL < 100 pg/mL and Pg-stimulated CT
levels > 100 pg/mL or basal serum CT concentrations > 100 pg/mL; participants with a suspicious or repeated-
ly non-diagnostic FNAC and participants with a benign FNAC and compressive symptoms

Type: in participants with benign FNAC and compressive symptoms a lobectomy or near-total thyroidectomy.
In participants with suspicious or non-diagnostic FNAC, surgical extent depended on histological examination
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Papi 2006 (continued)

of frozen sections. In participants with malignancy other than MTC a total thyroidectomy and in case of lymph
node involvement a lymphadenectomy. In MTC patients a total thyroidectomy and a systematic microdissec-
tion of both central neck and bilateral neck compartments. Contralateral lymph node dissection was omitted
in MTC patients with a unilateral thyroid tumour and no ipsilateral and central lymph node involvement
Calcitonin negative (N = 1402)

Number FNAC: 1402 participants

Number operated: 292 participants

Calcitonin positive: (N =23)

Number FNAC: 23 participants

Number operated: 23 participants

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —
Follow-up calcitonin positive: —
Type: —

Duration: —

Comparative

Publication details Language of publication: English
Funding: —

Publication status: full article

Stated aim of study ~ Quote from publication: "To assess the prevalence of hypercalcitoninemia and MTC in NTD patients, to com-
pare the ability of CT measurement and fine needle aspiration cytology (FNAC) to predict MTC, to identify age
groups of NTD patients who should be better candidates than others to undergo routine measurement of CT."

Notes
Methodological quality
Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive Yes
or random sam-

ple of patients en-

rolled?

Was a case-control Yes
design avoided?

Did the study avoid  Yes
inappropriate ex-

clusions?
Low Low
DOMAIN 2: Index Test All tests
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Papi 2006 (continued)

If a threshold was
used, was it pre-
specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference
standards likely to
correctly classify
the target condi-
tion?

Unclear

Were the reference
standard results in-
terpreted without
knowledge of the
results of the index
tests?

Unclear

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an ap-
propriate interval
between index test
and reference stan-
dard?

Unclear

Did all patients re-
ceive the same ref-
erence standard?

Were all patients in-
cluded in the analy-
sis?

Did all patients re-
ceive the reference
standard?

High

Schuetz 2006

Study characteristics

Patient sampling

Design: cohort study

Inclusion criteria: participants with Hashimoto's thyroiditis with documented positivity for TPOAb,
Negativity for anti-TSH receptor antibodies and thyroid ultrasound imaging suggestive of a chronic thy-

roiditis

Exclusion criteria: —

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews

Schuetz 2006 (continued)

Patient characteristics
and setting

Number of participants: 568 participants

Number with NTD: 105 participants

Number with NTD and calcitonin testing: 105 participants

Sex (female%)(N): 88.0% (500) NB only reported for whole study population

Age (mean/SD): 55 + - range: 18-88 years, NB only reported for whole study population
MTC: 0 participants (1 MTC patient in non-nodular study population)

Type of thyroid nodules: —

Thyroid nodules detected by palpation or US: US

Nodule size: Only reported for participants with elevated calcitonin (13 + 5 mm; range 4.5-17 mm)
Number of nodules: —

Sonographic morphology of thyroid nodules: only reported for participants with elevated calcitonin;
all nodules were hypoechoic/circumscribable

FNA procedures performed through ultrasound guidance or palpation: —

Setting: outpatient department

Country: Austria

Index tests

Calcitonin as a triage or add-on test: —
Index test: basal and stimulated calcitonin

Used calcitonin assay: commercial assay by a Nichols Advantage Chemiluminescence System (Nichols
Institute Diagnostics, San Juan Capistrano, Ca, USA)

Sensitivity: 1 pg/mL

Stimulated calcitonin: yes

Indication: basal serum CT equal to/or exceeded 10 pg/mL

Stimulative: pentagastrin Injection BP, Cambridge Laboratories, Tyne & Wear, UK
Dose: 0.5 ug/kg

Time: before, 2,3 and 5 minutes after injection

Reported and extracted cut-off values

Basal: reported: 10 pg/mL; extracted: 10 pg/mL

Stimulated: reported: 100 pg/mL; extracted 100 pg/mL

Target condition and ref-
erence standard(s)

Target condition: MTC

Reference standards: in selected participants histological examination after total thyroidectomy, fol-
low-up

Indication surgical treatment: participants with abnormal and pathological PG tests

Type of surgical treatment: total thyroidectomy and lymph node dissection along both recurrent
nerves in participants with a abnormal PG tests and an additional lateral lymph node dissection in par-
ticipants with a pathological PG test or intraoperatively verified MTC

Calcitonin negative (N = 100)

Number FNAC: —

Number operated: —

Calcitonin positive: (N =5)

Number FNAC: —

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

49



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Schuetz 2006 (continued)

Number operated: 0 participants

Flow and timing

Follow-up calcitonin negative: —
Type: —

Duration: —

Follow-up calcitonin positive: —
Type: —

Number with follow-up: -

Duration: -

Comparative

Publication details

Language of publication: English
Funding: —

Publication status: full article

Stated aim of study

Quote from publication: "To evaluate the relevance of routine CT measurements for detection of MTC

or its pre malignant associated conditions (micro MTC and neoplastic C cell hyperplasia) in HT patients.

Notes
Methodological quality
Item Authors' judgement Risk of bias Applicability concerns
DOMAIN 1: Patient Selection
Was a consecutive orran-  Yes
dom sample of patients
enrolled?
Was a case-control de- Yes
sign avoided?
Did the study avoid inap-  Unclear
propriate exclusions?
Low Low
DOMAIN 2: Index Test All tests
If a threshold was used, Yes
was it pre-specified?
Low Low

DOMAIN 3: Reference Standard

Is the reference stan-
dards likely to correctly

classify the target condi-

tion?

Unclear

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Schuetz 2006 (continued)

Were the reference stan-
dard results interpreted
without knowledge of
the results of the index
tests?

Unclear

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropriate
interval between index
test and reference stan-
dard?

Unclear

Did all patients receive
the same reference stan-
dard?

No

Were all patients includ-
ed in the analysis?

Yes

Did all patients receive
the reference standard?

No

High

Costante 2007

Study characteristics

Patient sampling Design: cohort study

Inclusion criteria: patients diagnosed with thyroid nodules.

Exclusion criteria: renal failure, persistent or recurrent MTC, or a family history of MTC.

Patient characteris- Number of participants: 5817 participants

tics and setting

Number with NTD: 5817 participants

Number with NTD and calcitonin testing: 5817 participants

Sex (female%)(N): 80.9% (4706)

Age (mean/SD): 49.7 + 16.6 years range: 11-72 years

MTC: 15 participants

Type of thyroid nodules: euthyroid nodular/multinodular goitre (N = 4894), Hashimoto's thyroiditis with
nodules (N =436), autonomously functioning thyroid nodules (N = 276), toxic nodular goitre (N =211).

Thyroid nodules detected by palpation or US: —

Nodule size: additional author information: patients with calcitonin testing: 3-45 mm, participants with

MTC: 4-32 mm

Number of nodules: additional author information; only information of participants with MTC: 4 solitary

nodules; 11 multinodular
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Costante 2007 (continued)

Sonographic morphology of thyroid nodules: additional author information: only information of partic-
ipants with MTC: 14 hypo-echoic, 1 iso-echoic, 4 microcalcifications, 6 peripheral vascularisation, 4 central
vascularisation

FNA procedures performed through ultrasound guidance or palpation: additional author information:
US guidance

Setting: a national healthcare system hospital (outpatient and inpatient) sectors

Country: Italy

Index tests

Index test: basal and stimulated calcitonin
Calcitonin as a triage or add-on test: -

Used calcitonin assay: chemiluminescence assay (Nichols advantage Calcitonin Chemiluminesence assay,
San Juan Capistrano, CA)

Sensitivity: 1 pg/mL

Stimulated calcitonin: yes

Indication: basal calcitonin levels > 20 pg/mL and < 100 pg/mL

Stimulative: pentagastrin

Dose: 0.5 ug/kg

Time: 2 and 5 minutes after iv injection

Reported and extracted cut-off values

Basal: 10 pg/mL, 20 pg/mL, 50 pg/mL and 100 pg/mL; extracted 10, 20, 50 and 100 pg/mL

Stimulated: 100 pg/mL; extracted: 100 pg/mL

Target condition
and reference stan-
dard(s)

Target condition: MTC

Reference standards: FNAB in participants with non autonomous nodules exceeding 10 mm in diameter; in
selected participants histological examination after surgery, follow-up

Indication surgical treatment: 1) FNAB indicative or suggestive of thyroid malignancy, 2) multinodular au-
tonomous or toxic goitres, 3) large euthyroid goitres causing compression, 4) serum CT levels (basal or PG
stimulated) more than 100 pg/mL

Type: —

Calcitonin negative (N =5535)

Number FNAB: —

Number operated: 723 participants

Calcitonin positive: (N =282)

Number FNAB: —

Number operated: 24 participants

Flow and timing

Follow-up calcitonin negative: -; author information: no new MTC case in participants from this series has
been recorded at the participating centres.

Type: —
Duration: —
Follow-up calcitonin positive: in participants with basal CT between 10-100 pg/mL and negative Pg testing

Type: basal CT in participants with basal CT between 10-20 pg/mL; yearly stimulated CT in participants with
basal CT between 20-100 pg/mL

Number with follow-up: 212 participants
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Costante 2007 (continued)
Duration: 2-4 years

Comparative

Publication details Language of publication: English
Funding: non-commercial

Publication status: full article

Stated aim of study Quote from publication: "To evaluate the diagnostic accuracy of systematic CT measurement in non-multi-
ple endocrine neoplasia type 2 patients with nodular thyroid disease."

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutiveor  Yes
random sample of
patients enrolled?

Was a case-control Yes
design avoided?

Did the study avoid Yes
inappropriate exclu-
sions?

Low Low

DOMAIN 2: Index Test All tests

If a threshold was Yes
used, was it pre-
specified?

Low Low

DOMAIN 3: Reference Standard

Is the reference stan-  Unclear
dards likely to cor-

rectly classify the tar-

get condition?

Were the reference Unclear
standard results in-

terpreted without

knowledge of the

results of the index

tests?

Unclear Low
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DOMAIN 4: Flow and Timing

Was there an appro-
priate interval be-

tween index test and
reference standard?

Unclear

Did all patients re-
ceive the same refer-
ence standard?

No

Were all patients in-
cluded in the analy-
sis?

Yes

Did all patients re-
ceive the reference
standard?

No

High

Rink 2009

Study characteristics

Patient sampling

Design: cohort study
Inclusion criteria: nodular thyroid disease diagnosed by high-resolution US

Exclusion criteria: additional author information: all participants without thyroid nodules

Patient characteristics
and setting

Number of participants: 21928 participants

Number with NTD: 21928 participants

Number with NTD and calcitonin testing: 21928 participants
Sex (female%)(N): 76.9% (16857)

Age (mean/SD): - range: 8-97 years

MTC: 28 participants

Type of thyroid nodules: additional author information; reported for 376 participants with elevated calci-
tonin level in whom no other reason for the increased calcitonin level could be identified.

Thyroid nodules detected by palpation or US: US additional author information; reported for 376 partic-
ipants with elevated calcitonin level in whom no other reason for the increased calcitonin level could be
identified

Nodule size: only reported for MTC participants additional author information; reported for 376 partici-
pants with elevated calcitonin level in whom no other reason for the increased calcitonin level could be
identified

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: —

Setting: four sites in central Germany
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Country: Germany

Index tests Index test: basal and stimulated calcitonin
Calcitonin as a triage or add-on test: —

Used calcitonin assay: radioimmunoassays calcitonin-IRMA (IBL GmbH, Hamburg, Germany) and Calci-
tonin-IRMA magnum (Medipan GmbH, Dahlewith/Berlin, Germany)

Sensitivity: 0.7 ng/L (IBL), 1.5 ng/L (Medipan)
Stimulated calcitonin: yes

Indication: if basal CT > 10 ng/L and if renal insufficiency as well as proton pump inhibitor medication
could be ruled out

Stimulative: pentagastrin (pentagastrin injection BP, Cambridge Laboratiries Ltd., Tyne & Wear, England)
Dose: 0.5 ug/kg

Time: —

Reported and extracted cut-off values

Basal: reported: 10 ng/L; extracted: 10, 15 ng/L

Stimulated: reported males: 80 ng/L, females 50 ng/L, extracted 50, 80 ng/L

Target condition and Target condition: MTC

reference standard(s)
Reference standards: in selected participants histopathological examination after thyroid surgery, fol-

low-up
Indication surgical treatment: an abnormal PGT, a basal CT exceeding 30 ng/L, increasing basal or pro-
gressive morphologic alterations during follow-up

Type: —

Calcitonin negative: (N =21073)
Number FNA: —

Number operated: —

Calcitonin positive: (N = 855)
Number FNA: —

Number operated: 157 participants

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —
Follow-up calcitonin positive: in participants not having surgery and without renal insufficiency
Type: ultrasound and determination of basal CT
Number with follow-up: 214 participants

Duration: mean observation 21 months, median 17 months, range 3-87 months

Comparative

Publication details Language of publication: English

Funding: non-commercial
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Rink 2009 (continued)

Publication status: full article

Stated aim of study Quote from publication: "the calculation and validation of upper limits for basal and stimulated pCT-Cs
in a large patient population with nodular thyroid disease, to distinguish between the subgroups with and
without MTC."

Notes

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or Yes
random sample of pa-
tients enrolled?

Was a case-controlde-  Yes
sign avoided?

Did the study avoid Unclear
inappropriate exclu-
sions?

Low Low

DOMAIN 2: Index Test All tests

If a threshold was Yes
used, was it pre-speci-
fied?

Low Low

DOMAIN 3: Reference Standard

Is the reference stan- Unclear
dards likely to correct-

ly classify the target

condition?

Were the reference Unclear
standard results inter-

preted without knowl-

edge of the results of

the index tests?

Unclear Low

DOMAIN 4: Flow and Timing

Was there an appro- Unclear
priate interval be-

tween index test and

reference standard?
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Did all patients receive
the same reference
standard?

No

Were all patients in-
cluded in the analysis?

No

Did all patients receive
the reference stan-
dard?

No

High

Hasselgren 2010

Study characteristics

Patient sampling

Design: retrospective study
Inclusion criteria: participants with non-toxic nodular goitre

Exclusion criteria: participants with missing data or with wrongly registered diagnosis

Patient characteristics
and setting

Number of participants: 959 participants

Number with NTD: 959 participants

Number with NTD and calcitonin testing: 702 participants

Sex (female%)(N): 84.6% (811) NB of whole study population (N = 959)

Age (mean/SD): mean -; median 49 years range: 13-93 years NB of whole study population (N =959)
MTC: 6 participants

Type of thyroid nodules: non toxic nodular goitre; solitary nodule (N = 366), multinodular goitre (N =
492), thyroid cyst (N = 76)

Thyroid nodules detected by palpation or US: - additional author information: all participants had one
or more nodules on ultrasound

Nodule size: only reported of MTC participants

Number of nodules: —

Sonographic morphology of thyroid nodules: —

FNA procedures performed through ultrasound guidance or palpation: ultrasound

Setting: secondary/tertiary referral centre

Country: Denmark

Index tests

Index test: basal calcitonin
Calcitonin as a triage or add-on test: —

Used calcitonin assay: (1) double-antibody radioimmunoassay technique (MediLab A/S, Copenhagen,
Denmark) (N =668) (2) solid-phase, enzyme-labelled, 2-site chemiluminescent immunometric principle
(Immulite 2000, Calcitonin, Siemens Medical Solutions Diagnostics, Erlangen, Germany) (N = 14)

Sensitivity: - (1and 2)
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Hasselgren 2010 (continued)

Stimulated calcitonin: no

Indication: —

Stimulative: —

Dose: —

Time: —

Reported and extracted cut-off values

Basal: reported 0.10 ug/L (= 100 ng/L(pg/mL), 0.20 ug/L, 0.50 ug/L).

Stimulated: —

Target condition and
reference standard(s)

Target condition: MTC

Reference standards: FNAB, in selected participants histopathological examination after surgery, cross-
linkage with the Danish Thyroid Cancer Database

Indication surgical treatment: based on the composition of the following variables: (1) clinical evalua-
tion including age, comorbidity, thyroid size, suspicion of malignancy; (2) sonographic appearance; (3) re-
sult of FNAB; (4) result of serum calcitonin measurement; (5) patient preference

Type: —

Calcitonin negative: (N = 663)

Number FNAB: —

Number operated: 223 participants

Calcitonin positive: (N =39)

Number FNAB: —

Number operated: 23 participants

Flow and timing

Follow-up calcitonin negative: all participants

Type: cross linkage with Danish Thyroid Cancer Database

Number with follow-up: 663 participants

Duration: median follow-up 7 years (range 3-10 years) (whole study population).
Follow-up calcitonin positive: all participants

Type: cross linkage with Danish Thyroid Cancer Database

Number with follow-up: 39 participants

Duration: median follow-up 7 years (range 3-10 years) (whole study population)

Comparative

Publication details

Language of publication: English
Funding: —
Publication status: full article

Stated aim of study

Quote from publication: "To estimate the validity of serum calcitonin for detection of MTC in a consec-
utive population of patients with nontoxic nodular goitre, living in a mild to moderate iodine-deficient
area."

Notes
Methodological quality
Item Authors' judgement Risk of bias Applicability concerns
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Hasselgren 2010 (continued)

DOMAIN 1: Patient Selection

Was a consecutive or Yes
random sample of pa-
tients enrolled?

Was a case-control de- Yes
sign avoided?

Did the study avoid in- Yes
appropriate exclusions?

Low

Low

DOMAIN 2: Index Test All tests

If athreshold was used,  Yes
was it pre-specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan- Yes
dards likely to correctly
classify the target con-

dition?

Were the reference Unclear
standard results inter-

preted without knowl-

edge of the results of

the index tests?

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropri- Unclear
ate interval between in-

dex test and reference

standard?

Did all patients receive Yes
the same reference
standard?

Were all patients in- Yes
cluded in the analysis?

Did all patients receive Yes
the reference standard?

Unclear
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Herrmann 2010

Study characteristics

Patient sampling

Design: retrospective cohort study

Inclusion criteria: participants with nodular thyroid disease found by sonography, living in central Ger-
many (an area with endemic goitre due to previous iodine deficiency)

Exclusion criteria: known elevation of hCt, Graves' disease, autoimmune thyroid disease

Patient characteristics
and setting

Number of participants: 1007 participants

Number with NTD: 1007 participants

Number with NTD and calcitonin testing: 1007 participants
Sex (female%)(N): 56.3% (567)

Age (mean/SD): 55 + 14, range: —

MTC: 2 participants

Type of thyroid nodules: additional author information: only available participants with elevated bCT
Thyroid nodules detected by palpation or US: US

Nodule size: additional author information: patients with calcitonin testing: between 5 mm to 40 mm
Number of nodules: additional author information: only available participants with elevated bCT
Sonographic morphology of thyroid nodules: additional author information: only available partici-
pants with elevated bCT

FNA procedures performed through ultrasound guidance or palpation: additional author informa-
tion: only available participants with elevated bCT

Setting: Division of Endocrinology, Technology Center Bochum, Germany

Country: Germany

Index tests

Index test: basal and stimulated hCT
Calcitonin as a triage or add-on test: —

Used calcitonin assay: solid-phase, enzyme labelled, two site chemiluminescent assay, with the Im-
mulite 2000, (Siemens Immulite 2000, Munich, Germany)

Sensitivity: —

Stimulated calcitonin: Yes

Indication: basal CT > 10 and < 100 pg/mL

Stimulative: pentagastrin (Peptavlon; Laboratoires SERB, Paris, France)
Dose: 0.5 ug/kg bodyweight

Time: 2 and 5 minutes after injection

Reported and extracted cut-off values

Basal: 10 pg/mL; extracted: 10, 15, 20, 30, 50 and 100 pg/mL

Stimulated: 100 pg/mL; extracted:100 and 200 pg/mL

Target condition and ref-
erence standard(s)

Target condition: MTC

Reference standards: FNAB, in selected participants histopathological examination after surgery, fol-
low-up
Indication surgical treatment: elevated stimulated hCT > 100 pg/mL
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Herrmann 2010 (Continued)

Type: total thyroidectomy, with careful dissection of both recurrent nerves and a systematic microdis-
section of the central lymph node compartments along both nerves from the upper thoracic outlet up to
the larynx

Calcitonin negative (N =990)

Number FNAC: —

Number operated: —

Calcitonin positive: (N=17)

Number FNAB: 2 participants

Number operated: 5 participants

Flow and timing

Calcitonin negative: —

Type: —
Duration: —

Calcitonin positive: participants with stimulated hCT <100 pg/mL
Type: re-testing
Number with follow-up: 12 participants

Duration: —

Comparative

Publication details

Language of publication: English
Funding: other funding

Publication status: full article

Stated aim of study

Quote from publication: "Shedding further light on the hCT measurement and its testing after penta-
gastrin stimulation in patients with thyroid nodule disease."

Notes

Methodological quality

Item

Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive orran-  Yes
dom sample of patients
enrolled?

Was a case-control de- Yes
sign avoided?

Did the study avoid inap-  Yes

propriate exclusions?

Low Low
DOMAIN 2: Index Test All tests
If a threshold was used, Yes
was it pre-specified?
Low Low
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Herrmann 2010 (Continued)

DOMAIN 3: Reference Standard

Is the reference stan- Unclear
dards likely to correctly

classify the target condi-

tion?

Were the reference stan- Unclear
dard results interpreted

without knowledge of

the results of the index

tests?

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropriate  Unclear
interval between index

test and reference stan-

dard?

Did all patients receive No
the same reference stan-
dard?

Were all patients includ- Yes
ed in the analysis?

Did all patients receive No
the reference standard?

High

Schneider 2012

Study characteristics

Patient sampling Design: cohort study

Inclusion criteria: participants diagnosed with thyroid nodules > 2 mm based on the spatial resolution

of ultrasound equipment

Exclusion criteria: participants referred with elevated or previously determined CT values, MTC or a
family history of MTC, renal insufficiency, bacterial infection, alcohol abuse, proton-pump inhibitor ther-

apy, Graves'disease or autoimmune thyroid disease

Patient characteristics Number of participants: 11270 participants

and setting
Number with NTD: 11,270 participants

Number with NTD and calcitonin testing: 11,270 participants

Sex (female%)(N): —
Age (mean/SD): — range: —

MTC: 12 participants
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Schneider 2012 (continued)

Type of thyroid nodules: —
Thyroid nodules detected by palpation or US: ultrasound

Nodule size: only reported of MTC and PTC participants

Number of nodules: —

Sonographic morphology of thyroid nodules: only reported of participants with elevated basal CT lev-
els

FNA procedures performed through ultrasound guidance or palpation: —

Setting: —

Country: Germany

Index tests Calcitonin as a triage or add-on test: —
Index test: basal and stimulated calcitonin

Used calcitonin assay: solid-phase, enzyme labelled, two-site chemiluminescent assay with Immulite
2000 (Siemens Immulite 2000, Munich, Germany)

Sensitivity: —
Stimulated calcitonin: yes

Indication: bCT > 13 and < 100 pg/mL (if PG was available and the participants physical condition al-
lowed testing)

Stimulative: pentagastrin (pentagastrin injection BP, Ireland, UK)
Dose: 0.5 ug/kg bodyweight

Time: 2 and 5 minutes after injection

Reported and extracted cut-off values

Basal: reported 13 pg/mL; extracted: 13, 15, 20, 30, 50, 100 pg/mL

Stimulated: reported 100 pg/mL; extracted: 100, 200 pg/mL

Target condition and ref-  Target condition: MTC

erence standard(s)
Reference standards: histopathological examination after thyroid surgery, follow-up

Indication surgical treatment: 1) basal CT > 100 pg/mL, PG-stimulated CT > 100 pg/mL, 3) suspicious
thyroid nodules based on the participants history, sonography (hypoechogenicity, irregular margins, mi-
crocalcifications) or scintigraphy (cold nodules have been consistently associated with malignancy)
Type: —

Calcitonin negative (N = 11238)

Number FNAC: —

Number operated: —

Calcitonin positive: (N =32)

Number FNAC: —

Number operated: 18 participants

Flow and timing Follow-up calcitonin negative: —
Type: —
Duration: —

Follow-up calcitonin positive: participants with no sCT > 100 pg/mL, participants with no sCT per-
formed

Type: repeated bCT testing
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Schneider 2012 (continued)
Number with follow-up: 10 participants

Duration: mean 7 months

Comparative

Publication details Language of publication: English
Funding: no conflicts of interest

Publication status: full article

Stated aim of study Quote from publication: "The positive predictive value (PPV) of a slightly elevated basal calcitonin for

the diagnosis of medullary thyroid cancer is still under debate."

Notes

Methodological quality

Item Authors' judgement Risk of bias

Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive orran-  Yes
dom sample of patients
enrolled?

Was a case-control de- Yes
sign avoided?

Did the study avoid inap-  Yes
propriate exclusions?

Low

Low

DOMAIN 2: Index Test All tests

If a threshold was used, Yes
was it pre-specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan- Unclear
dards likely to correctly

classify the target condi-

tion?

Were the reference stan- Unclear
dard results interpreted

without knowledge of

the results of the index

tests?

Unclear

Low

DOMAIN 4: Flow and Timing
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Schneider 2012 (continued)

Was there an appropriate  Unclear
interval between index
test and reference stan-

dard?

Did all patients receive No
the same reference stan-

dard?

Were all patientsinclud-  Yes

ed in the analysis?

Did all patients receive No
the reference standard?

High

Giovanella 2012

Study characteristics

Patient sampling Design: prospective cohort study
Inclusion criteria: participants with nodular thyroid disease

Exclusion criteria: pulmonary or pancreatic tumours, kidney failure, Graves' disease, autonomously
functioning thyroid nodules, autoimmune thyroid diseases, sepsis, alcohol abuse, smoking or the use of
proton-pump inhibitor therapy in the last month

Patient characteristics Number of participants: 1236 participants
and setting
Number with NTD: 1236 participants
Number with NTD and calcitonin testing: 1236 participants
Sex (female%)(N): 54.5% (674)
Age (mean/SD): 53 + 17 years range: —
MTC: 2 participants
Type of thyroid nodules: —

Thyroid nodules detected by palpation or US: additional author information: both: 587 participants pal-
pable nodules; 649 participants nodules on US.

Nodule size: additional author information: available for participants with elevated bCT

Number of nodules: —

Sonographic morphology of thyroid nodules: additional author information; available for participants
with elevated bCT

FNA procedures performed through ultrasound guidance or palpation: additional author information:
FNA procedures performed through US.

Setting: —

Country: Switzerland

Index tests Calcitonin as a triage or add-on test: —

Index test: basal and stimulated calcitonin
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Giovanella 2012 (continued)

Used calcitonin assay: Immulite 2000XPi platform (Siemens Healthcare Diagnostics, Erlangen, Germany)
Sensitivity: 2 pg/mL

Stimulated calcitonin: yes

Indication: participants with true high CT value

Stimulative: pentagastrin (pentagastrin injection BP, Cambridge Laboratories, Wallsend, UK)

Dose: 0.5 ug/kg

Time: 2 and 5 minutes after injection

Reported and extracted cut-off values

Basal: reported: 10 pg/mL; extracted: 10, 15, 20, 30, 50, 100 pg/mL

Stimulated: reported 100 pg/mL; extracted: 100, 200 pg/mL

Target condition and
reference standard(s)

Target condition: MTC

Reference standards: FNAC, in selected participants histopathological examination after surgery, fol-
low-up

Indication surgical treatment: basal and/or stimulated CT levels > 100 pg/mL, participants with indeter-
minate, suspicious or malignant cytological outcome

Typeof surgical treatment: thyroidectomy with bilateral dissection of the central compartment (in par-
ticipants with basal and/or stimulated CT levels > 100 pg/mL)

Calcitonin negative (N = 1222)

Number FNAC: —

Number operated: additional author information: data available in 854 cases, 163 participants operated.
Calcitonin positive: (N = 14)

Number FNAC: 14 participants

Number operated: 7 participants

Flow and timing

Follow-up calcitonin negative: additional author information : N =385
Type: —

Duration: —

Follow-up calcitonin positive: participants with benign cytology
Type: US, basal CT and PCT

Number with follow-up: 7 participants

Duration: 24-35 months

Comparative

Publication details

Language of publication: English
Funding: other funding

Publication status: full article

Stated aim of study

Quote from publication: "To prospectively evaluate the role of routine PCT measurement in detecting
MTC among patients with thyroid nodules, and to assess the potential improvement provided by adding
PCT to increased basal CT."

Notes

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

66



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘eag:'leleal:lf.lswns

Cochrane Database of Systematic Reviews

Giovanella 2012 (continued)

Methodological quality

Item Authors' judgement Risk of bias

Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or Yes
random sample of pa-
tients enrolled?

Was a case-control de- Yes
sign avoided?

Did the study avoid in- Yes
appropriate exclusions?

Low

Low

DOMAIN 2: Index Test All tests

If athreshold wasused, Yes
was it pre-specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan- Unclear
dards likely to correctly

classify the target con-

dition?

Were the reference Unclear
standard results inter-

preted without knowl-

edge of the results of

the index tests?

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropri- Unclear
ate interval between in-

dex test and reference

standard?

Did all patients receive No
the same reference
standard?

Were all patients in- Yes
cluded in the analysis?

Did all patients receive No
the reference standard?
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High
Grani 2012
Study characteristics
Patient sampling Design: additional author information: cross-sectional, retrospective observational study.

Inclusion criteria: at least one discrete nodular lesion of the thyroid or a multinodular goitre and were
referred to our institution to undergo FNAC because of clinical or ultrasonographic suspicion (irregular
margins, micro calcifications, and chaotic pattern vascularisation)

Exclusion criteria: additional author information: No exclusion criteria were applied.

Patient characteristics Number of participants: 1073 participants
and setting

Number with NTD: 1073 participants

Number with NTD and calcitonin testing: 1073 participants
Sex (female%)(N): 83.2% (893)

Age (mean/SD): 55.7 + 13.4 years range: —

MTC: 2 participants

Type of thyroid nodules: one discrete nodular lesion of the thyroid or a multinodular goitre with clini-
cal or ultrasonographic suspicion (irregular margins, microcalcifications, and chaotic pattern vasculari-
sation)

Thyroid nodules detected by palpation or US: both additional author information: all participants had
nodules on ultrasound, the prevalence of palpable nodules was not recorded.

Nodule size: additional author information: mean nodule volume 1.49 mL, maximum diameter was
14.66 mm + 7.45 mm

Number of nodules: additional author information: only available for MTC participants.

Sonographic morphology of thyroid nodules: irregular margins, microcalcifications, and chaotic pat-
tern vascularisation

FNA procedures performed through ultrasound guidance or palpation: ultrasonography

Setting: The Thyroid Center of Sapienza University of Rome

Country: Italy

Index tests Calcitonin as a triage or add-on test: —
Index test: basal calcitonin
Used calcitonin assay: automated two-site immuno chemiluminometric assay
Sensitivity: 2 pg/mL
Stimulated calcitonin: no
Indication: —
Stimulative: —
Dose: —

Time: —
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Grani 2012 (Continued)

Reported and extracted cut-off values
Basal: reported: 10 pg/mL; extracted: 10 pg/mL

Stimulated: —

Target condition and ref-
erence standard(s)

Target condition: MTC

Reference standards: FNAC, in selected participants histological examination after total thyroidectomy,
follow-up

Indication surgical treatment: —

Type of surgical treatment: total thyroidectomy

Calcitonin negative: (N =1032)

Number FNAC: 1032 participants

Number operated: additional author information: N = 64

Calcitonin positive: (N=41)

Number FNAC: 41 participants

Number operated: 3 participants

Flow and timing

Follow-up calcitonin negative: —

Type: —

Duration: —

Follow-up calcitonin positive: participants with unexplained hypercalcitonaemia
Type: basal CT

Number with follow-up: 34 participants

Duration: 12-36 months

Comparative

Publication details

Language of publication: English
Funding: other funding

Publication status: full article

Stated aim of study

Quote from publication: "To evaluate the basal CT values in patients with and without thyroid autoim-
munity"

Notes

Methodological quality

Item

Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive orran-  Yes
dom sample of patients
enrolled?
Was a case-control de- Yes
sign avoided?
Did the study avoid inap- ~ Unclear
propriate exclusions?
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Grani 2012 (continued)

Low

Low

DOMAIN 2: Index Test All tests

If a threshold was used, Yes
was it pre-specified?

Low

Low

DOMAIN 3: Reference Standard

Is the reference stan- Unclear
dards likely to correctly

classify the target condi-

tion?

Were the reference stan- No
dard results interpreted
without knowledge of

the results of the index

tests?

Unclear

Low

DOMAIN 4: Flow and Timing

Was there an appropriate  Unclear
interval between index

test and reference stan-

dard?

Did all patients receive No
the same reference stan-
dard?

Were all patientsinclud-  Yes
ed in the analysis?

Did all patients receive Yes
the reference standard?

High

—: denotes not reported.

(b/h/s) CT: (basal/serum/stimulated) calcitonin; FNA: fine needle aspiration; FNAB: fine needle aspiration biopsy; FNAC: fine needle
aspiration cytology; IRMA: immunoradiometric assay; MEN2: multiple endocrine neoplasia type 2; MTC: medullary thyroid carcinoma;
NTD: nodular thyroid disease; PCT: procalcitonin; PG: pentagastrin; pg/mL: picograms per millilitre; RIA: radio immunometric assay; SD:

standard deviation;TSH: thyroid-stimulating hormone; US: ultrasonography.

Characteristics of excluded studies [ordered by year of study]

Study Reason for exclusion

Lepage 1992 Only meeting abstract available
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Study Reason for exclusion
Niccoli 1997 Evaluation of preoperative calcitonin determination (not part of this review)
Kaserer 1998 Included participants with thyroid disease; number of participants with nodular thyroid disease
not specified. (partially) same study population as Vierhapper 2005
Mariss 2001 abstrOnly meeting abstract available
lacobone 2002 Included participants with thyroid disease; number of participants with nodular thyroid disease
not specified
Mirallie 2004 Included participants with thyroid disease; number of participants with nodular thyroid disease
not specified
Gibelin 2005 Evaluation of preoperative calcitonin determination (not part of this review)
Papi 2010 Calcitonin testing in isthmic thyroid nodules
Lipp 2011 Only meeting abstract available

Chambon 2011

Evaluation of preoperative calcitonin determination (not part of this review)

Marui 2012

Only meeting abstract available

Wiedemann 2012

Only meeting abstract available

Zaplatnikov 2012

Only meeting abstract available

Ubl 2013

Evaluation of preoperative calcitonin determination (not part of this review)

Rosario 2013

Evaluation of preoperative calcitonin determination (not part of this review)

Krebs 2014

Evaluation of preoperative calcitonin determination (not part of this review)

Ubl 2014

Evaluation of preoperative calcitonin determination (not part of this review)

Bostico 2015

Only meeting abstract available

Reyes 2015 Evaluation of preoperative calcitonin determination (not part of this review)
Simon 2015 Only meeting abstract available
Cavallo 2015 Only meeting abstract available

Simeakis 2016

Only meeting abstract available

Storani 2016

Only meeting abstract available

Sukhov 2017

Only meeting abstract available; (partially) same study population as Wiedemann 2012

Sukhov 2018

Only meeting abstract available; (partially) same study population as Wiedemann 2012

Characteristics of studies awaiting classification [ordered by study ID]
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Giovanella 2018

Study characteristics

Patient sampling

2705 participants

Patient characteristics and
setting

Patients with thyroid nodules

Index tests

Serum procalcitonin and serum calcitonin (basal and stimulated) in patients with elevated procalci-
tonin or patients who had a surgical indication

Target condition and refer-
ence standard(s)

Target condition: medullary thyroid carcinoma

Reference standard: histopathological examination

Flow and timing

Follow-up procalcitonin-positive participants: surgery in 8 participants, follow-up in 1 participant

Follow-up procalcitonin-negative participants: surgery in 369 participants

Comparative

Notes

Henry 1995

Study characteristics

Patient sampling

2975 participants

Patient characteristics and
setting

Patients seen for thyroid exploration

Index tests

Calcitonin testing (basal and stimulated)

Target condition and refer-
ence standard(s)

Target condition: medullary thyroid carcinoma

Reference standard: histopathological examination and follow-up

Flow and timing

Follow-up calcitonin-positive participants: operation in 34 participants, follow-up in 14 partici-
pants

Follow-up calcitonin-negative participants: operation in 1446 of 2927 participants

Comparative

Notes

Lépez-Guzman 2002

Study characteristics

Patient sampling

907 participants
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Lépez-Guzmén 2002 (Continued)

Patient characteristics
and setting

Patients with nodular thyroid disease (nontoxic multinodular goitre; nontoxic uninodular goitre; toxic
multinodular goitre; autonomously functioning thyroid nodule; nodular Hashimoto thyroiditis; nodular
Graves' disease; nodular subacute thyroiditis)

Index tests

Calcitonin testing (basal and stimulated)

Target condition and ref-
erence standard(s)

Target condition: medullary thyroid carcinoma

Reference standard: histopathological examination

Flow and timing

Follow-up calcitonin-positive participants: operation in 6 participants

Follow-up calcitonin-negative participants: —

Comparative

Notes

Rosario 2016

Study characteristics

Patient sampling

1023 participants

Patient characteristics and
setting

Patients with nodular thyroid disease without an indication for FNA or with benign cytology, and with-
out an indication for surgery

Index tests

Calcitonin testing (basal and stimulated)

Target condition and refer-
ence standard(s)

Target condition: medullary thyroid carcinoma

Reference standard: histopathological examination and follow-up

Flow and timing

Follow-up calcitonin-positive participants: operation in 17 participants, follow-up in 5 participants

Follow-up calcitonin-negative participants: —

Comparative

Notes

Shong 1996

Study characteristics

Patient sampling

1048 participants

Patient characteristics and setting Patients with thyroid nodules

Index tests Calcitonin testing (basal and stimulated)
Target condition and reference stan- Target condition: medullary thyroid carcinoma
dard(s)

Reference standard: histopathological examination
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Shong 1996 (continued)

Flow and timing

Follow-up calcitonin-positive participants: operation in 3 participants

Follow-up calcitonin-negative participants: —

Comparative

Notes

Turk 2017

Study characteristics

Patient sampling

640 participants

Patient characteristics and setting

Patients with nodular thyroid disease

Index tests

Calcitonin testing (basal and stimulated)

Target condition and reference
standard(s)

Target condition: medullary thyroid carcinoma

Reference standard: histopathological examination and follow-up.

Flow and timing

Follow-up calcitonin-positive participants: surgery in 19 participants, follow-up in 4 partici-

pants

Follow-up calcitonin-negative participants: —

Comparative

Notes

FNA: fine needle aspiration.

DATA

Presented below are all the data for all of the tests entered into the review.

Table Tests. Data tables by test

Test No. of studies No. of participants
1 Basal reported cut-off values 15 72263

2 Basal calcitonin reported cut-off values females 6 14858

3 Basal calcitonin reported cut-off values males 6 4339

4 Basal and stimulated reported cut-off values 12 68939

5 Basal and stimulated reported calcitonin females 4 5414

6 Basal and stimulated reported calcitonin males 4 2069
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Test No. of studies No. of participants
7 Basal calcitonin and age 18-39 years 1 356

8 Basal calcitonin and age 40-49 years 1 516

9 Basal calcitonin and age 50-64 years 1 368
10 Basal calcitonin and age > 65 years 1 185
11 Basal calcitonin 10 pg/mL 10 44391
12 Basal calcitonin 10 pg/mL females 4 11199
13 Basal calcitonin 10 pg/mL males 4 3326
14 Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL 8 21445
15 Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL females 3 2385
16 Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL males 3 1283
17 Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL 4 5097
18 Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL females 3 2385
19 Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL males 3 1283
20 Basal calcitonin 15 pg/mL 5 36866
21 Basal calcitonin 15 pg/mL females 3 2385
22 Basal calcitonin 15 pg/mL males 3 1283
23 Basal calcitonin 20 pg/mL 7 33065
24 Basal calcitonin 20 pg/mL females 4 3548
25 Basal calcitonin 20 pg/mL males 4 1568
26 Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL 7 33044
27 Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL females 4 3545
28 Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL males 4 1566
29 Basal calcitonin 30 pg/mL 6 17161
30 Basal calcitonin 30 pg/mL females 5 4134
31 Basal calcitonin 30 pg/mL males 5 1755
32 Basal calcitonin 50 pg/mL 8 23445
33 Basal calcitonin 50 pg/mL females 5 4134
34 Basal calcitonin 50 pg/mL males 5 1755
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Test No. of studies No. of participants
35 Basal calcitonin 100 pg/mL 10 24342
36 Basal calcitonin 100 pg/mL females 5 4134
37 Basal calcitonin 100 pg/mL males 5 1755
Test 1. Basal reported cut-off values.
Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules
Test: 1 Basal reported cut-off values
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 267 0 5535 100[0.78 1.00] O0.85[0.85 0.96] — |
Elisei 2004 44 3 0 10817 100[092 1.00] lO0[1.00, 100] — |
Giovanella 2012 2 12 1} 1222 100([0.16 1.00] 0.99[0.98 0.959] 1 | |
Grani 2012 2 38 1} 1032 1.00([0.16 1.00] O0.86[0.85 0871 1 |
Hahm 2001 10 45 0 1392 100[063, 1.00] 0597[0.96 098] — u
Hasselgren 2010 6 33 [t} 663 1.00[054, 1.00] 055[0.93 0.97] — | ]
Hatz|-Griesenhofer EBO2 218 0 3669 1.00[0.74 1.00] 0.54[0.54 0585] — |
Herrmann 2010 2 15 o 950 100[0.16 1.00] 059[0.98 053] 1 [ |
Karanikas 2004 1 12 [t} 182 100[0.03 1.00] 0.94[0.89,0.87] 1 =
Ozgen 1599 4 ] 1} F65 1.00[0.40,1.00] l.00[1.00, 1.00] _— |
Fapi 2006 a 14 1} 1402 1.00[0.66, 1.00] 0.53[0.98 0.95] — | |
Rieu 1335 4 ] o 465 1.00[0.40,1.00] 1.00[0.99 1.00] —_—1 |
Rink 2009 28 857 0 21043 100[0.88 1.00] O0.96[0.96 0.96] — |
Schneider 2012 10 22 2 11236 0.83[052, 098] 1.00[1.00, 1.00] —a— |
Vierhapper 2005 33 474 3 9647 092[078, 098] 0595[0.95096] —8 u
IU.Z IU.d IU.S IU.S IU IU.Z IU 4 IU.S IU 8 I1
Test 2. Basal calcitonin reported cut-off values females.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 2 Basal calcitonin reported cut-off values famales
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] 5 o 663 00[00,00] 0599[0.98 1.00] | |
Hatzl-Griesenhofer 2002 133 0 2933 100[059 1.00] O0.96[0.95 0.96] — |
Herrmann 2010 1 ] i} CeE  100[0.02 1.00] 1.00([0.99, 100] 1 |
Ozgen 1239 3 L) 0 583 100[0.2% 1.00] 1.00([0.93 1.00] 1 |
Papi 2006 4 11 [t} 1129 1.00[0.40, 1.00] 0.99[0.98 1.00] —_—1 | |
Vierhapper 2005 24 anz2 1 8487 096[0.80,1.00] O087[0.96 0.87] — |
\ \ \ \ 1 \ \ L L 1
0.2 0.4 0.6 0.8 1] 0.2 0.4 0.6 0.8 1
Test 3. Basal calcitonin reported cut-off values males.
Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 3 Basal calcitonin reported cut-off values males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 7 i} CE3 100[0.16 1.00] 0.99[0.597,0.99] 1 | |
Hatzl-Griesenhofer 2802 85 0 T3e 1OO[0D.48 1.00] 050([0.87,0.92] 1 L
Herrmann 2010 1 15 [t} 424 100[0.03,1.00] 097[0.94, 098] 1 |
Ozgen 1959 1 ] i} 186 100[0.03 1.00] 1.00([0.98 100] 1 |
Papi 2006 H 3 o 273 lo0[0.48 1.00] 053[0.97, 1.00] R | | |
Vierhapper 2005 9 172 2 1860 0D8B2[0.48 098] 092[0.90,0.93] — |
0.2 0.4 0.6 0.8 Q 0.2 0.4 0.6 0.8 1
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Test 4. Basal and stimulated reported cut-off values.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 4 Basal and stimulated reported cut-off values

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 11 0 5791 1lo00[078 100] LlO0[1.00 100] — |
Elisei 2004 44 ] 0 10218 100[09Z 1.00] Ll0O0[1.00, 1.00] — |
Giovanella 2012 2 2 i} 1232 100([0.16 1.00] LlO0[0.99 1.00] 1 |
Hahm 2001 10 2 0 1436 100[063, 1.00] Ll0O0[0.99, 1.00] — |
Hatzl-Griesenhofer EBO2 23 0 3796 100[074 1.00] 0.93[0.99 1.00] — | |
Herrmann 2010 2 3 i} 1002 100([0.16 1.00] LlO0[0.99 1.00] 1 |
Karanikas 2004 1 1 o 193 100[0.03 1.00] 0593[0.97, 1.00] 1 [ |
Fapi 2006 9 1 o 1415 lo0[066 1.00] LlO0[1.00, 1.00] — |
Riau 19595 4 ] 1} 465 100[0.40,1.00] 1.00([0.99, 1.00] _— |
Rink 2009 11 g1 0 211%% 1.00[0.72 1001 1.00[1.00, 1001 — |
Schneider 2012 9 ] 2 11238 082([0.48 098] 1l.00[1.00, 1.00] —— |
Vierhapper 2005 31 72 3 10025 091[076 098] 0.99[0.99 0959] —— | |

[t} 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
. o .
Test 5. Basal and stimulated reported calcitonin females.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: § Basal and stimulated reported calcitonin females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] ] 1} 674 0.0[0.0,00] 100[0.99 100] [ ] |
Hatz|-Griesenhofer 2002 3 0 301% 100[055 1001 1.00[1.00, 1001 — |
Herrmann 2010 1 ] o 566 100[0.03, 1.00] 1.00([0.99, 100] 1 |
Fapi 2006 4 ] 1} 1140 1.00[0.40, 1.00] Ll.00[1.00,1.00] —_— |
L . . . . | . . L L |
[t} 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
. . .
Test 6. Basal and stimulated reported calcitonin males.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: & Basal and stimulated reported calcitonin males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 2 1} G52  100[0.16 1.00] 1.00([0.99, 1.00] | |
Hatzl-Griesenhofer 2802 20 1} 761 1.00[0.48 1001 0.57([0.96 0.98] 1 |
Herrmann 2010 1 3 o 436 100[0.03, 1.00] 053[0.98 100] 1 | |
Fapi 2006 g 1 1} 275 100[0.48 1.00] 1.00([0.98 1.00] — |
L . . . . | . . L L |
[t} 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
. o
Test 7. Basal calcitonin and age 18-39 years.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 7 Basal calcitonin and age 18-39 years
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Papi 2006 ] 1 1} 355 0.0[0.0,00] 100[0.98 1.00] [ ] |
L . . . . | . . L L |
1} 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
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Test 8. Basal calcitonin and age 40-49 years.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: & Basal calcitonin and age 40-49 years

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity

Papi 2006 2 9 0 505 100[0.16 1.00] 0.98[0.97,0393] 1 |

0 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1

Test 9. Basal calcitonin and age 50-64 years.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 9 Basal calcitonin and age S0-64 years

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity

Papi 2006 3 4 0 361 100[0.25, 1.00] 0.93[0.97, 100] 1 | |

0 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1

Test 10. Basal calcitonin and age > 65 years.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 10 Basal calcitonin and age = 65 years

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Fapi 2006 4 ] [t} 181 100([0.40,1.00] 1.00[0.98 1.00] —_— |
o 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1

Test 11. Basal calcitonin 10 pg/mL.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 11 Basal calcitonin 10 pg/mL

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 267 0 5535 100[0.78 1.00] O0895[0.85 0.96] — |
Giovanella 2012 2 12 1} 1222 100([0.16 1.00] 0.53[0.98 0.95] 1 | |
Grani 2012 2 39 0 1032 100([0.16 1.00] 0.96[0.95097] i ]
Hahm 2001 10 46 [t} 1392 100[0.69, 1.00] 097[0.96 098] — |
Herrmann 2010 2 15 i} 990 100[0.16 1.00] 0.99[0.98 0.99] 1 | |
Karanikas 2004 1 12 o 182 100[0.03,1.00] 0.594[0.89,057] 1 -
Fapi 2006 9 10 [t} 1406 1.00[0.66, 1.00] 0.99[0.99, 1.00] — | |
Rink 2009 28 857 0 21043 100[0.88 1.00] O0.96[0.96 0.96] — |
Schuetz 2006 ] g 1} 100 0.0[00,00] 055[0.89 098] [ ] —a
Vierhapper 2005 33 474 3 9647 092[078, 098] 0595[0.95 096] —— |

0 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1
. .
Test 12. Basal calcitonin 10 pg/mL females.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules

Test: 12 Basal calcitonin 10 pg/mL females

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] 5 [t} 663 0.0[0.0,00] 053[0.98 1.00] [ ] | |
Herrmann 2010 1 ] 1} CeE  100[0.03 1.00] 1.00([0.99, 100] | |
Papi 2006 4 7 1} 1133 1.00[0.40, 1001 053[0.59, 1001 R | |
Vierhapper 2005 24 L 1 8487 096[0.80,1.00] 097[0.960397] — |

0 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1
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Test 13. Basal calcitonin 10 pg/mL males.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 13 Basal calcitonin 10 pg/mL males

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 7 0 553 100[0.16 1001 0.95[0.57 0991 i 5
Herrmann 2010 1 15 0 424 1.00[0.03, 1001 0.97[0.94,0.981 1 -
Papi 2006 5 3 0 273 100[0.48 1001 0.95[0.57,1.001 — 1 [
Vierhapper 2005 8 172 2 1860 0.82[0.480.981 0.92[0.90,0.93] —
0 52z 04  0F 08 1 o 5z 04 08 08 1

Test 14. Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 14 Basal calcitonin 10 pg/mL and basal er stimulated 100 pg/mL

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 11 0 5791 1lo00[078 100] LlO0[1.00 100] — |
Giovanella 2012 2 2 1} 1232 100([0.16 1.00] 1O0[0.99, 1.00] 1 |
Hahm 2001 10 2 i} 1403 100[0.69 1.00] 10O0[0.99 1.00] — |
Herrmann 2010 2 3 0 lgpz  lo0([0.16 1.00] LlO0[0.99, 1.00] i |
Karanikas 2004 1 1 [t} 133 100[0.03, 1.00] 0.93[0.97, 1.00] 1 | |
Papi 2006 a9 1 i} 1429 lo00([0.66 1.00] L1.00[1.00, 1.00] — |
Schuetz 2006 L] L] o 105 go[00,00] 100[0.57 100] ] 1
Vierhapper 2005 32 70 4 10025 083[0.74,097] 059[0.99,099] —— | |
0 0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1
o o .
Test 15. Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL females.
Review: Calcitanin testing for detection of medullary thyroid cancer in*people with thyroid nodules
Test: 15 Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] ] [t} 674 0.0[0.0,00] 1.00([0.99 1.00] [ ] |
Herrmann 2010 1 ] i} CeE  100[0.02 1.00] 1.00([0.99, 100] 1 |
Papi 2006 4 L] o 1140 1lo00[0.40, 100] l.00[1l.00,1.00] R | |
B tz 04 06 08 1 o oz 64 08 08 1
Test 16. Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL males.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 16 Basal calcitonin 10 pg/mL and basal or stimulated 100 pg/mL males
Study TP FP FN TH Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 2 0 558 1.00[0.16 1.00] l.00([0.23 1.00] i
Herrmann 2010 1 3 [t} 436 100[0.03, 1.00] 0.93[0.98 1.00] 1 | |
Papi 2006 g 1 i} 275 100[0.48 1.00] 1.00([0.98 1.00] R | |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
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Test 17. Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 17 Basal calcitonin 10 pg/mL and basal er stimulated 200 pg/mL

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 ] o 1234 100([0.16 1.00] LlO0[1.00, 1.00] 1 |
Hahm 2001 ] 1 1 1404 0.90([055 1.00] Ll.00[1.00, 1.00] — |
Herrmann 2010 2 1 i} 1004 100([0.16 1.00] LlO0[0.99 1.00] 1 |
Papi 2006 7 0 2 1430 0.78[0.40,0.97] 1.00[1.00,1.00] —_— 1
oz 04 08 08 oz 64 08 08 1
Test 18. Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL females.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 18 Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] ] o 674 00[00,00] 100([0.99 1.00] |
Herrmann 2010 1 ] 1} CeE  100[0.03 1.00] 1.00([0.99, 1.00] 1 |
Papi 2006 4 ] i} 1140 1.00[0.40, 1.00] 1.00[1.00,1.00] R | |
. . . . | . . L L |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1
Test 19. Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL males.
Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules
Test: 19 Basal calcitonin 10 pg/mL and basal or stimulated 200 pg/mL males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 ] 1} CE0 1l00[0.16 1001 1.00([0.99, 1.00] 1 |
Herrmann 2010 1 1 o 438 100[0.03, 1.00] 1.00([0.99, 100] 1 |
Fapi 2006 4 ] 1 276 0.8B0[0.28,0.89] 1.00([0.99, 1.00] L |
. . . . | . . L L |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1
. o
Test 20. Basal calcitonin 15 pg/mL.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 20 Basal calcitonin 15 pg/mL
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 10 1} 1224 100[0.16 1.00] 0.99[0.99 1.00] | | |
Herrmann 2010 2 1 1} 939 100[0.16 1001 0.99[0.99, 1.00] 1 | |
Fapi 2006 9 4 o 1412 1lo0[066 1.00] 1O0[0.99, 1.00] — |
Rink 2009 28 EL DS 0 21599 100[0.88 1.00] 099[0.98 099] — | |
Schneider 2012 a9 18 3 11240 0.75[0.43,085] 1.00[1.00,1.00] —_—— |
. . . . | . . L L |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1
Test 21. Basal calcitonin 15 pg/mL females.
Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules
Test: 21 Basal calcitonin 15 pg/mL females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] 4 1} &70 0.0[0.0,00] 053[0.58 1.00] | |
Herrmann 2010 1 ] o 566 100[0.03, 1.00] 1.00([0.99, 100] 1 |
Fapi 2006 4 3 1} 1137 1.00[0.40, 1.00] 100[0.99, 1.00] —_— |
. . . . | . . L L |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1
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Test 22. Basal calcitonin 15 pg/mL males.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 22 Basal calcitonin 15 pg/mL males

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 6 o 554 100[0.16 1.00] 0.93[0.98 1.00] 1 | |
Herrmann 2010 1 1 1} 433 100[0.03, 1.00] 0.99[0.97,0.899] 1 | |
Papi 2006 g 1 i} 275 100[0.48 1.00] 1.00([0.98 1.00] R | |
. .

0 0.2 0.4 0.6 0.8 1 o 0.2 0.4 0.6 0.8 1

Test 23. Basal calcitonin 20 pg/mL.

Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules
Test: 23 Basal calcitonin 20 pg/mL

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 g1 0 5751 100[0.78 1.00] 0.53[0.59 0.85] — | |
Elisei 2004 44 3 0 10817 100[092 1.00] lO0[1.00, 100] — |
Giovanella 2012 2 7 1} 1227 100([0.16 1.00] 0.99[0.99, 1.00] 1 | |
Hahm 2001 a9 11 1 1427 050[055 1.00] 059[0.59 1.00] —— | |
Herrmann 2010 2 1 0 lgo4  l00([0.16 1.00] LlO0[0.99, 1.00] i |
Fapi 2006 7 ] 2 1416 0.78[0.40,0.97] 1.00[1.00,1.00] —_— |
Schneider 2012 2 a9 4 11247 067[0.35 0.50] 1.00[1.00,1.00] —_—— |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
Test 24. Basal calcitonin 20 pg/mL females.
Review: Calcitonin testing for detection of medullany thyroid cancer in people with thyroid nodules
Test: 24 Basal calcitonin 20 pg/mL females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] 1 i} 673 0.0[0.0,00] 1.00([0.99 1.00] [ ] |
Hahm 2001 3 7 1 1149 0.86[0.42 1.00] 0.99[0.99, 1.00] —&— u
Herrmann 2010 1 ] [t} 566 100[0.03, 1.00] 1.00([0.99, 1.00] 1 |
Papi 2006 4 ] i} 1140 1.00[0.40, 1.00] 1.00[1.00,1.00] R | |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
Test 25. Basal calcitonin 20 pg/mL males.
Review: Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 25 Basal calcitonin 20 pg/mL males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 1 i} CE4  100[0.16 1.00] 0.99[0.98 100] 1 | |
Hahm 2001 3 4 0 278 100[0.29,1.00] 0.52[0.96 1.00] i i
Herrmann 2010 1 1 [t} 438 100[0.03, 1.00] 1.00([0.99, 1.00] 1 |
Papi 2006 3 ] 2 276 0.E0[0.15,0.895] 1.00([0.99, 1.00] L |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
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Test 26. Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 26 Basal calcitonin 20 pg/mL and basal er stimulated 100 pg/mL

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 15 10 0 5792 1l00[078 100] LlO0[1.00 100] — |
Elisei 2004 44 ] 0 10817 100[09Z 1.00] Ll0O0[1.00, 1.00] — |
Giovanella 2012 2 2 i} 1232 100([0.16 1.00] LlO0[0.99 1.00] 1 |
Hahm 2001 9 2 1 1431 0.90([055 1.00] LlO0[0.99, 1.00] — & — |
Herrmann 2010 2 1 [t} 1004 100([0.16 1.00] 1O0[0.99, 1.00] 1 |
Papi 2006 7 2 i} 1416 1.00[059 1.00] 1l0O0[0.99 1.00] — |
Schneider 2012 ] L] 3 11244 0.72[0.35,054] 1l.00[1l.00, 1.00] —— |
B tz 04 06 08 1 o oz 64 08 08 1
Test 27. Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL females.
Review: Calcitonin testing for detection of medullary thyroid cancer in*people with thyreid nodules
Test: 27 Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL females
Study TP FP FN TH Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 L) L) 0 674 oo[o0,00] 100([0523 1.00] ] |
Hahm 2001 6 1 1 1152 0.86[0.42 1.00] 1.00[1.00,1.00] — |
Herrmann 2010 1 ] i} CeE  100[0.02 1.00] 1.00([0.99, 100] 1 |
Papi 2006 4 L] o 1140 1lo00[0.40, 100] l.00[1l.00,1.00] R | |
B tz 04 06 08 1 o oz 64 08 08 1
Test 28. Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL males.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 28 Basal calcitonin 20 pg/mL and basal or stimulated 100 pg/mL males
Study TP FP FN TH Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 2 0 558 1.00[0.16 1.00] l.00([0.23 1.00] i |
Hahm 2001 3 1 [t} 273 100[0.25 1.00] 1.00([0.98 100] 1 |
Herrmann 2010 1 1 i} 438 100[0.02, 1.00] 1.00([0.99, 1.00] 1 |
Papi 2006 3 L] 2 276 0kL0O[0.150.95] 1.00[0.99, 1.00] L |
B tz 04 06 08 1 o oz 64 08 08 1
Test 29. Basal calcitonin 30 pg/mL.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 29 Basal calcitonin 30 pg/mL
Study TP FP FN TH Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 4 0 1230 l00([0.16 1.00] LlO0[0.99, 1.00] i |
Hahm 2001 9 7 1 1431 0.50([055 1.00] 10O0[0.99, 1.00] — |
Herrmann 2010 2 1 i} 1004 100([0.16 1.00] LlO0[0.99 1.00] 1 |
Ozgen 1999 4 L] o 763 lo0[0.40,1.00] 1.00[1.00, 1.00] R | |
Fapi 2006 7 ] 2 1416 0.78[0.40,0.97] 1l0O0[1.00, 1.00] —_— |
Schneider 2012 1 4 6 11256 050[0.21,0.79] 1l.00[1.00,1.00] —_— |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
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Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules

Test: 30 Basal calcitonin 30 pg/mL females

Test 30. Basal calcitonin 30 pg/mL females.

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] ] o 674 00[00,00] 100([0.99 1.00] |
Hahm 2001 1 g 1 1151 0.88[0.42 1.00] 100[0.99, 1.00] — |
Herrmann 2010 1 ] i} CeE  100[0.02 1.00] 1.00([0.99, 100] 1 |
Ozgen 1239 3 L) 0 583 100[0.2% 1.00] 1.00([0.93 1.00] i |
Papi 2006 4 ] [t} 1140 1.00[0.40, 1.00] Ll.00[1.00,1.00] —_—1 |
0.2 0.4 0.6 0.8 1 Q 0.2 0.4 0.6 0.8 1
. o
Test 31. Basal calcitonin 30 pg/mL males.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 31 Basal calcitonin 20 pg/mL males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 4 1} GE6 100[0.16 1.00] 0.99[0.98 1.00] 1 | |
Hahm 2001 3 2 i} 280 100[0.29,1.00] 0.599[0.57, 100] 1 | |
Herrmann 2010 1 1 0 438 100[0.03, 1.00] 1l.00([0.93 1.00] i |
Ozgen 1999 1 ] [t} 186 1.00[0.03 1.00] 1.00([0.98 100] 1 |
Papi 2006 3 ] 2 276 0.E0[0.15,0.895] 1.00([0.99, 1.00] L |
. . . . | 1 . . L L |
0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8 1
Test 32. Basal calcitonin 50 pg/mL.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyraid nodules
Test: 32 Basal calcitonin 50 pg/mL
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 11 1 4 5796 0.73[0.45 0.52] 1.00[1.00, 1.00] —— |
Giovanella 2012 2 L) 0 1234 1l00([0.16 1.00] LlO0[1.00, 1.00] i 1
Hahm 2001 8 4 2 1434 0.80[0.44,097] 100[0.99, 1.00] — |
Herrmann 2010 2 ] i} 1005 100([0.16 1.00] L.00[1.00,1.00] 1 |
Ozgen 1999 4 L] o 763 lo0[0.40,1.00] 1.00[1.00, 1.00] R | |
Fapi 2006 7 ] 2 1416 0.78[0.40,0.97] 1l0O0[1.00, 1.00] —_— |
Rieu 1995 4 ] 1} 465  1.00[0.40,1.00] 1.00[0.99 1.00] _— |
Schneider 2012 1 ] 6 11258 050[0.21,0.73] 1.00[1.00, 1001 —_—— |
o2 02 06 088 1 @ 52 04 0§ 08 1
Test 33. Basal calcitonin 50 pg/mL females.
Review: Calcitonin testing for detection of medullany thyroid cancer in people with thyroid nodules
Test: 33 Basal calcitonin 50 pg/mL females
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 L] L] o 674 go[00,00] 100[0.99 100] |
Hahm 2001 5 3 2 1153 0.71[0.29,096] 100[0.99, 1.00] —_— |
Herrmann 2010 1 ] 1} CeE  100[0.03 1.00] 1.00([0.99, 100] | |
Ozgen 1358 3 ] 1} CB3 1lo0[0.25 1001 1l.00([0.99, 10017 1 |
Papi 2006 4 ] o 1140 100[0.40, 1007 LlO0[1.00, 1.00] 1 |
IU.Z IU.d IU.S IU.S I1 IU IU 2 IU.d IU [ IU 8 I1
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Test 34. Basal calcitonin 50 pg/mL males.

Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules

Test: 34 Basal calcitonin 50 pg/mL males

Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 ] o 560 100[0.16 1.00] 1.00([0.99, 1.00] 1 |
Hahm 2001 3 1 1} 281 100[0.29 1.00] 1.00([0.98 100] 1 |
Herrmann 2010 1 ] i} 439 100[0.02, 1.00] 1.00([0.99, 1.00] 1 |
Ozgen 1239 1 L) 0 186 100[0.03, 1.00] 1.00([0.98 1.00] i 1
Fapi 2006 3 ] 2 276 0.60[0.150.85] 1.00([0.99, 1.00] L |
o 0.2 0.4 0.6 0.8 Q 0.2 0.4 0.6 0.8 1
. o
Test 35. Basal calcitonin 100 pg/mL.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 35 Basal calcitonin 100 pg/mL
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Costante 2007 ] ] 6 GB0Z 06EO[0.32,0.84] 1l.00[1.00, 1.00] —— |
Giovanella 2012 2 ] i} 1234 100([0.16 1.00] L.0O0[1.00,1.00] 1 |
Hahm 2001 5 1 5 1437 050[0.19,0.81] 1.00[1.00,1.00] —_— 1
Hasselgren 2010 6 33 [t} 663 1.00[054, 1.00] 055[0.93 0.97] —
Herrmann 2010 1 ] 1 1005 050[0.01, 098] 1.00[1.00, 1.00] L |
Karanikas 2004 L] L] 1 194 00[0.0,057] 1l00[0.98 1.00] B |
Ozgen 1939 4 ] o 769 100[0.40,1.00] loo([l.o0 lo0] —_—1 |
Papi 2006 4 ] 5 1416 0.44[0.14,0.79] 1.00[1.00,1.00] —_— |
Rieu 1995 4 ] 1} 465  1.00[0.40, 1.00] 1.00[0.99 1.00] R | |
Schneider 2012 5 ] 7 11258 0.42[0.15,0.72] l00[1.00, 1.00] —a— |
IU IU 2 IU.d IU & IU 8 : IU IU.Z IU.d IU.S IU.S I1
. .
Test 36. Basal calcitonin 100 pg/mL females.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 36 Basal calcitonin 100 pg/mL famales
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 ] ] o 674 00[00,00] 100([0.99 1.00] [ ] |
Hahm 2001 4 ] 3 1156 0L57[0.18,0.50] Ll.00[1.00,1.00] i |
Herrmann 2010 1 ] 1} CE6  100[0.03 1001 1.00([0.99, 1.00] 1 |
Ozgen 1999 3 ] o 583 100[0.25 1.00] 1.00([0.99, 100] 1 |
Fapi 2006 3 ] 1 1140 0.75[0.19, 098] 1.00[1.00,1.00] L |
L . . . . | 1 . . L L |
[t} 0.2 0.4 0.6 0.8 1] 0.2 0.4 0.6 0.8 1
. o
Test 37. Basal calcitonin 100 pg/mL males.
Review: Calcitanin testing for detection of medullary thyroid cancer in people with thyroid nadules
Test: 37 Basal calcitonin 100 pg/mL males
Study TP FP FN ™ Sensitivity Specificity Sensitivity Specificity
Giovanella 2012 2 ] 1} Ce0 100[0.16 1.00] 1.00([0.99, 1.00] | |
Hahm 2001 1 1 2 281 0.33[001,081] 1lo0([0.98 1007 L |
Herrmann 2010 ] ] 4339 0.0[0.0,087] 1.00([0.99, 1.00] [ |
Ozgen 1999 1 ] 186 1.00[0.03 1.00] 1.00([0.98 100] 1 |
Papi 2006 1 ] 4 276 0.20[0.01,0.72] 1.00([0.99 1.00] —— |
L . . . . | 1 . . L L |
1} 0.2 0.4 0.6 0.8 1] 0.2 0.4 0.6 0.8 1
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Table 1. Study author contact

Study ID Recent contact Request for in- Response re- Additional data
details avail- formationsend  ceived? available?
able

Rieu 1995 No No NA NA

Ozgen 1999 Yes Yes No NA

Hahm 2001 Yes Yes No NA

Hatzl-Griesenhofer 2002 Yes Yes Yes Yes

Elisei 2004 Yes Yes Yes Yes

Karanikas 2004 Yes Yes Yes No

Vierhapper 2005 Yes Yes No NA

Papi 2006 Yes Yes No NA

Schuetz 2006 Yes Yes Yes No

Costante 2007 Yes Yes Yes Yes

Rink 2009 Yes Yes Yes Yes

Hasselgren 2010 Yes Yes Yes Yes

Herrmann 2010 Yes Yes Yes Yes

Schneider 2012 Yes Yes No NA

Giovanella 2012 Yes Yes Yes Yes

Grani 2012 Yes Yes Yes Yes

Details of which study authors of the included studies were contacted and if additional data were available.

NA: not applicable.

Table 2. Data extraction form

Design

Study design:
Inclusion criteria:

Exclusion criteria:

Participant characteristics

and setting

Number of participants:

Number with NTD:

Number with NTD and calcitonin testing:

Sex (female%):

Age (mean/SD): range:

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
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Table 2. Data extraction form (continued)
MTC:

Type of thyroid nodules:

Thyroid nodules detected by palpation or US:

Nodule size:

Number of nodules:

Sonographic morphology of thyroid nodules:

FNA procedures performed through ultrasound guidance or palpation:

Setting:

Country:

Index test Index test:
Calcitonin as a triage or add-on test:
Used calcitonin assay:
Stimulated calcitonin performed:
Indication stimulated calcitonin:
Stimulative:
Dose:
Time:
Reported and extracted cut-off values
Basal:

Stimulated:

Reference standard Target condition:

Reference standards:
Indication surgical treatment:
Type of surgical treatment:
Calcitonin negative (N)
Number FNA:

Number operated:

Calcitonin positive (N)
Number FNA:

Number operated:

Flow and timing Follow-up calcitonin negative:

Type:
Duration:

Follow-up calcitonin positive:
Type:

Duration:

FNA: fine-needle aspiration; MTC: medullary thyroid carcinoma; NTD: nodular thyroid disease; SD: standard deviation; US: ultrasound.
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Table 3. Overview of study populations

Study ID (N) with (N) with cal- (N) with (N) with (N) with (N) oper- (N) with (N) with MTC
nodular thy-  citonin test- positive stimulat- positive ated follow-up MTC preva-
roid disease ing basalcal- edcal- stimulat- lence

citonin citonin ed cal-
testing testing citonin
testing

Rieu 1995 469 469 4 4 4 15 — 4 0.85

Ozgen 1999 773 773 4 — — 175 3 4 0.52

Hahm 2001 1448 1448 56 39 12 194 - 10 0.69

Hatzl-Griesenhofer 2002 3899 3899 230 157 30 39 43 12 0.31

Elisei 2004 10,864 10,864 47 45 44 44 44 44 0.41

Karanikas 2004 195 195 13 13 2 1 1 1 0.51

Vierhapper 2005 10292 10,157 507 481 103 76 32 36 0.35

Papi 2006 1474 1425 23 19 6 315 - 9 0.63

Schuetz 2006 105 105 5 5 0 0 — 0 0

Costante 2007 5817 5817 282 58 17 147 212 15 0.26

Rink 2009 21,928 21,928 885 218 62 157 214 28 0.13

Hasselgren 2010 959 702 39 — — 246 702 6 0.85

Herrmann 2010 1007 1007 17 16 4 5 12 2 0.20

Schneider 2012 11,270 11,270 32 14 12 18 10 12 0.11

Giovanella 2012 1479 1236 14 14 4 170 7 2 0.16

Grani 2012 1073 1073 41 — — 67 — 2 0.19

Total 73,052 72,368 2199 1083 300 2042 1280 187 0.26

—: denotes not reported; *Cross linkage with Danish Thyroid Cancer Database.
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medullary thyroid cancer.

MTC
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Table 4. Assay characteristics

Study Type of As- Manufacturer Stimula- Reported Assay Included
say tion? basal cut-off switching in cut-off
covariate
analysis
(10 pg/mL)
Rieu 1995 RIA (1989) Mallinckrodt Medical SA, France Yes 35 pg/mL Yes No
IRMA CIS-Oris International, France 10 pg/mL
(1990-1993)
Ozgen 1999 RIA Diagnostic System Laboratories Inc., No 30 pg/mL No No
us
Hahm 2001 IRMA BioSource Europe S.A., Belgium Yes 10 pg/mL No Yes
Hatzl-Griesen-  ICMA Nichols Institute diagnostics, US Yes Females:4.6  No No
hofer 2002 pg/mL
Males: 11.5
pg/mL
Elisei 2004 IRMA CIS, France Yes 20 pg/mL No No
Karanikas ICMA Nichols Institute Diagnostics, US Yes 10 pg/mL No Yes
2004
Vierhapper IRMA CIS-biointernational, France Yes 10 pg/mL Yes Yes
2005 (1994-1999)
Nichols Institute Diagnostics, US
ICMA
(1999-2004)
Papi 2006 ICMA Nichols Institute diagnostics, US Yes 5pg/mL No Yes
Schuetz 2006 ICMA Nichols Institute diagnostics, US Yes 10 pg/mL No No
Costante 2007  ICMA Nichols Institute diagnostics, US Yes 10 pg/mL No Yes
Rink 2009 IRMA IBL GmbH, Germany and Yes 10 pg/mL No Yes
Medipan GmbH, Germany
Hasselgren IRMA MediLab A/S, Denmark No 100 pg/mL Yes No
2010
ICMA Siemens Medical Solutions Diagnos-
tics, Germany
Herrmann ICMA Siemens Healthcare Diagnostics, Ger- Yes 10 pg/mL No Yes
2010 many
Schneider ICMA Siemens Healthcare Diagnostics, Ger- Yes 13 pg/mL No No
2012 many
Giovanella ICMA Siemens Healthcare Diagnostics, Ger- Yes 10 pg/mL No Yes
2012 many
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Table 4. Assay characteristics (continued)

Grani 2012 ICMA Not reported No 10 pg/mL No Yes

ICMA: immunochemiluminometric ASSAY; IRMA: immunoradiometric assay; pg/mL: picograms per millilitre; RIA: radioimmuno assay.

APPENDICES

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials (via Cochrane Register of Studies Online)

#1 MeSH descriptor Thyroid neoplasms explode all trees
#2 MeSH descriptor Goiter, Nodular explode all trees

#3 ((thyroid adj6 neoplas*) or (thyroid adj6 cancer) or (thyroid adj6 carcinoma*) or (thyroid adj6 macrocarcinoma*) or (thyroid adj6
microcarcinoma*)):TI,AB,KY

#4 ((thyreoid adj6 neoplas*) or (thyreoid adj6 cancer) or (thyreoid adj6 carcinoma*) or (thyreoid adj6 macrocarcinoma*) or (thyreoid
adj6 microcarcinoma*)):TI,AB,KY

#5 ((goiter adj6 neoplas*) or (goiter adj6 carcinoma*) or (goiter adj6 cancer) or (goiter adjé macrocarcinoma*) or (goiter adj6 micro-
carcinoma*)):TI,AB,KY

#6 ((goitre adj6 neoplas*) or (goitre adj6 cancer) or (goitre adj6 carcinoma*) or (goitre adj6 macrocarcinoma®) or (goitre adj6é micro-
carcinoma*)):TI,AB,KY

#7 ((thyroid adj6 tumour*) or (thyreoid adj6 tumour*) or (goiter adj6 tumour*) or (goitre adj6 tumour*)):TI,AB,KY

#8 ((multinodul* adj6 thyroid*) or (multinodul* adj6 thyreoid*) or (multinodul* adj6 goiter) or (multinodul* adj6 goitre)):TI,AB,KY
#9 ((multi-nodul* adj6 thyroid*) or (multi-nodul* adj6 thyreoid*) or (multi-nodul* adj6 goiter) or (multi-nodul* adj6 goitre)):TI,AB,KY
#10 ((nodul* adj6 thyroid*) or (nodul* adj6 thyreod*) or (nodul* adj6 goiter) or (nodul* adj6 goitre)):TI,AB,KY

#11 ((medullary adj6 thyroid*) or (medullary adj6 thyreoid*)):TI,AB,KY

#12 MTC:TI,AB,KY

#13#lor#2or#3or#4or#5or#6 or#7 or#8 or #9 or #10 or #11 or #12

#14 MeSH descriptor Carcinoma, Medullary explode all trees

#15 MeSH descriptor Neoplasms, ductal, lobular, and medullary explode all trees

#16 (medullary adj6 carcinom*):TI,AB,KY

#17 ((neoplasm* adj3 ductal) or (neoplasm™* adj3 lobular) or (neoplasm* adj3 medullary)):TI,AB,KY

#18 #14 or #15 or #16 or #17

#19 (thyroid* or thyreoid* or goiter or goitre):TI,AB,KY

#20 #18 and #19

#21 #13 or #20

#22 MeSH descriptor Calcitonin explode all trees

#23 (calcitrin* or calcitonin* or thyrocalcitonin®):TI,AB,KY

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 20
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(Continued)
#24 (#22 or #23)

#25 MeSH descriptor diagnostic tests, routine explode all trees

#26 MeSH descriptor Biopsy, fine-needle explode all trees

#27 MeSH descriptor Diagnostic techniques, endocrine explode all trees
#28 MeSH descriptor Magnetic resonance Imaging explode all trees
#29 MeSH descriptor Ultrasonography explode all trees

#30 MeSH descriptor Biomarkers explode all trees

#31 MeSH descriptor Carcinoembryonic antigen explode all trees

#32 MeSH descriptor diagnostic imaging explode all trees

#33 MeSH descriptor Pentagastrin

#34 MeSH descriptor Immunoassay explode all trees

#35 MeSH descriptor Carcinoma, Medullary explode all trees with qualifiers DI
#36 MeSH descriptor limit of detection explode all trees

#37 MeSH descriptor sensitivity and specificity explode all trees

#38 MeSH descriptor roc curve explode all trees

#39 MeSH descriptor predictive value of tests explode all trees

#40 MeSH descriptor reproducibility of results explode all trees

#41 (diagnos* or screen” or detect*)

#42 (sensitivity or specificity)

#43 (accuracy or precision)

#44 (validat* or validity or cross-validat*)

#45 (pretest* or pre-test* or posttest* or post-test*)

#46 (likelihood and ratio*)

#47 (predic* or chemiluminescen*)

#48 (receiver and operating and characteristic*)

#49 ((ROC adj6 analy*) or (ROC adj6 curve*))

#50 ((tumour adj6 marker*) or (tumor adjé marker*) or (biological adjé marker*))
#51 (RIA or IRMA or ILMA)

#52 ((calcitonin and test*) or (pentagastrin and test*))

#53 (PET-CT or PET)

#54 (fine and needle and aspiration*)

#55 (MRI or FNA or FNAC or FNAB)

#56 (cytology orimmunhistochem* or ultrasonograph* or echograph*)

#57 (imaging and technique)

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review)
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(Continued)
#58 (genetic and screen®)

#59 #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40
#60 #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59

#61 #21 and #24 and #60

MEDLINE (Ovid)

1. exp Thyroid Neoplasms/
2. exp Goiter nodular/

3. ((thyroid* or thyreoid* or goiter or goitre) adj6 (neoplas* or cancer or carcinoma* or macrocarcinoma* or microcarcinoma* or tu-
mo?r*)).tw,ot.

4. ((nodul* or multinodul* or multi-nodul*) adj6 (thyroid* or thyreoid* or goiter or goitre)).tw,ot.
5. ((thyroid* or thyreoid* goiter or goitre) adj6 (multinodul* or multi nodul*)).tw,ot.
6. (medullary adj6 (thyroid* or thyreoid*)).tw,ot.

7. MTC*.ab.

8.or/1-7

9. exp Carcinoma, medullary/

10. exp "Neoplasms, Ductal, Lobular, and Medullary"/

11. (medullary adj6 carcinom*).tw,ot.

12. (neoplasm* adj3 (ductal or lobular or medullary)).tw,ot.
13. 0r/9-12

14. (thyroid* or thyreoid* or goiter or goitre).tw,ot.
15.13and 14

16.80r15

17. Calcitonin/

18. (calcitrin* or calcitonin* or thyrocalcitonin).tw,ot.
19.9007-12-9.rn.

20.0r/17-19

21. exp Diagnostic Tests, Routine/

22. exp Biopsy, Fine-Needle/

23. exp Diagnostic Techniques, Endocrine/

24. exp Magnetic Resonance Imaging/

25. exp Ultrasonography/

26. exp Biomarkers/

27. exp Carcinoembryonic antigen/

28. exp Diagnostic Imaging/

Calcitonin testing for detection of medullary thyroid cancer in people with thyroid nodules (Review) 92
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(Continued)

29

30

31

. exp Pentagastrin/
. exp Immunoassay/

. Carcinoma, medullary/di [Diagnosis]

32. exp Limit of Detection/ or (exp "Sensitivity and Specificity"/) or exp ROC Curve/ or exp Predictive Value of Tests/ or exp Repro-
ducibility of Results/

33

34

35

36

37

38. ((pre-test* or pretest* or post-test* or posttest*) adj probability).tw,ot.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

58.

59

60

. (diagnostic or diagnosis).tw,ot.
. (screen* or detect*).tw,ot.

. (sensitivity or specificity).tw,ot.
. (accuracy or precision).tw,ot.

. (validat* or validity or cross-validat*®).tw,ot.

likelihood ratio*.tw,ot.

(predictive or prediction*).tw,ot.
receiver operating characteristic*.tw,ot.
(ROC adj6 (analy* or curve®)).tw,ot.
chemiluminescen*.tw,ot.

((tumo?r or biological) adj6 marker*).tw,ot.
diagnos*.tw,ot.

(RIA or IRMA or ILMA).tw,ot.

calcitonin* test*.tw,ot.

PET.mp.

RET.mp.

fine needle aspiration*.tw,ot.
pentagastrin-test*.tw,ot.

(MRI or FNA or FNAC or FNAB).tw,ot.

CEA.tw,ot.

imaging technique*.tw,ot.

genetic screening.tw,ot.

or/21-56

16 and 20 and 57

. (animals not (animals and humans)).sh.

.58 not 59

(cytology orimmunohistochem* or ultrasonograph* or echograph*).tw,ot.

Embase (Ovid)
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(Continued)

1 thyroid tumor/

2 exp thyroid cancer/

3 exp thyroid nodule/

4 exp thyroid medullary carcinoma/

5 exp nodular goiter/

6 ((thyroid* or thyreoid* or goiter or goitre) adj6 (neoplas* or cancer or carcinoma* or macrocarcinoma* or microcarcinoma* or tu-

mo?r)).tw,ot.

7 ((thyroid* or thyreoid*) adjé medullary carcinoma*).tw,ot.

8 ((nodul* or multinodul* or multi-nodul*) adj3 (thyroid* or thyreoid* or goiter or goitre)).tw,ot.

9 MTC* tw,ot.
10 or/1-9

11 exp calcitonin/

12 (calcitrin* or calcitonin* or thyrocalcitonin®).tw,ot.

139007-12-9.rn.

14 0r/11-13

15 exp diagnostic test/

16 exp needle biopsy/

17 exp endocrine system examination/

18 exp nuclear magnetic resonance imaging/
19 exp echography/

20 exp biological marker/

21 exp carcinoembryonic antigen/

22 exp diagnostic imaging/

23 exp immunoassay/

24 exp chemiluminescent/

25 exp "sensitivity and specificity"/

26 exp receiver operating characteristic/

27 exp predictive value/

28 pentagastrin test.mp.

29 exp medullary carcinoma/di [Diagnosis]
30 exp reproducibility/

31 ((tumo?r or biological) adj6 marker*).tw,ot.
32 diagnos*.tw,ot.

33 (sensitivity or specificity).tw,ot.
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(Continued)
34 (accuracy or precision).tw,ot.

35 (validat* or validity or cross-validat*).tw,ot.

36 ((pre-test* or pretest* or post-test* or posttest*) adj probability).tw,ot.
37 likelihood ratio*.tw,ot.

38 (predict* or chemiluminescen®).tw,ot.

39 (RIA or IRMA or ILMA).tw,ot.

40 ((calcitonin* or pentagastrin*) adj6 test*).tw,ot.

41 (screen* or detect*).tw,ot.

42 receiver operating characteristic*.tw,ot.

43 (ROC adj6 (analy* or curve*)).tw,ot.

44 PET-CT.mp.

45 ((tumo?r or biological) adj6 marker*).tw,ot.

46 RET.mp.

47 fine needle aspiration*.tw,ot.

48 (MRI or FNA or FNAC or FNAB).tw,ot.

49 (cytology orimmunhistochem™ or ultrasonograph* or echograph*).tw,ot.
50 CEA.tw,ot.

51 imaging technique*.tw,ot.

52 genetic screening.tw,ot.

53 or/15-38

54 10 and 14 and 53

Science Citation Index Expanded (Web of Science)

#1 TS=((thyroid* tumor*) OR (thyroid* cancer) OR (thyroid* neoplas*) OR (thyroid* carcinoma*) OR (thyroid* microcarcinoma*) OR
(thyroid* macrocarcinoma) OR (thyroid* medullary carcinoma*) OR (thyroid* nodul*) OR (thyroid* multinodul*) OR (nodul* goiter*))

#2 TS=((thyreoid* tumor*) OR (thyreoid* cancer) OR (thyreoid* neoplas*) OR (thyreoid* carcinoma*) OR (thyreoid* microcarcinoma*)
OR (thyreoid* macrocarcinoma) OR (thyreoid* medullary carcinoma*) OR (thyreoid* nodul*) OR (thyreoid* multinodul*) OR (nodul*
goiter*) OR (MTC))

#3 TS=((calcitonin*) OR (calcitrin*) OR (thyrocalcitonin®))
#4 #1 OR #2
#5 #3 AND #4

#6 TS=((diagnostic test*) OR (needle biopsy) OR (endocrine examination*) OR (echograph*) OR (ultrasonograph*) OR (magnetic res-
onance imaging) OR (MRI) OR (biological marker*) OR (diagnostic imaging) OR (immunoassay) OR (chemiluminescent*) OR (tumor
marker®) OR (carcinoembryonic antigen) OR (CEA) OR (diagn*) OR (RIA) OR (IRMA) OR (ILMA) OR (PET) OR (pentagastrin test*) OR (cal-
citonin test*) OR (screen*) OR (sensitivity) OR (specificity) OR (validat*) OR (validity) OR (roc curve) OR (reproducibility) OR (FNA) OR
(genetic screen®))

#7 TS=((carcioembryonic antigen) OR (CEA) OR (pentagastrin test*) OR (diagnos*) OR (calcitonin* test*) OR (screen*) OR (detect*) OR
(RIA) OR (IRMA) OR (ILMA) OR (PET-CT) OR (RET))
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#8 TS=((FNAC) OR (FNAB) OR (cytology) OR (immunhistochem*) OR (imaging technique*))

#9 #6 OR #7 OR #8
#10 #5 AND #9
#11 TS=(animal*)

#12 #10 NOT #11

'"My NCBI' alert service

("thyroid nodule"[MeSH Terms] OR ("thyroid"[All Fields] AND "nodule"[All Fields]) OR "thyroid nodule"[All Fields]) AND ("calci-
tonin"[MeSH Terms] OR "calcitonin"[All Fields])

Appendix 2. QUADAS-2 signalling questions for bias

Domain

Yes

Unclear

No

Patient selection

1. Consecutive or
random sample
enrolled?

A consecutive or random sample
of patients was enrolled in the
study.

Itis unclear whether a con-
secutive or random sample of
patients was enrolled in the
study.

There was no consecutive or random
sample included in the study (e.g.
only patients already suspected of
(medullary) thyroid malignancy and
patients with high risk for (familial)
MTC.

2. Case control de-
sign avoided?

There was no case control design.

Itis unclear if there was a case
control design

There was a case control design

3. Inappropriate
exclusions avoid-
ed?

There are no patients inappropri-
ate excluded (e.g. patients with
suspicious US, who will already
be operated on)

Itis unclear if there was avoid-
ance of inappropriate exclu-
sions

There is inappropriate exclusion of pa-
tients (e.g. exclusion of patients with
high risk of malignancy)

Index test

1. Index test re-
sults interpreted
without knowl-
edge results refer-
ence standard?

This item will be omitted as only studies are included in which the reference standard (histopathological ex-
amination) is performed after calcitonin testing. Furthermore calcitonin testing is a objective test (although
interpretation depends on the threshold, but this will be assessed in the next item)

2. Pre-specified
threshold?

There was a pre-specified calci-
tonin cut-off level.

Itis unclear if there was a pre-
specified cut-off level

There was no pre-specified calcitonin
cut-ff level.

Reference standard

1. Reference stan-
dard likely to cor-
rectly classify tar-
get condition?

In patiens receiving surgery there
is adequate histopathological ex-
amination of thyroid tissue.

In patients receiving surgery
it's unclear how histopatho-
logical examination is per-
formed.

In patients receiving surgery
histopathological examination is not
adequate.
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In patients receiving follow-up,
there is at least three years fol-

low-up years including at least

one US examination and if indi-
cated FNAC.

In patients receiving follow-up
the time and protocol for fol-
low-up is unclear

In patients without surgery, follow-up
is to short or does not include at least
one US examination and FNAC.

2. Reference stan-
dard results inter-
preted without
knowledge results
index test?

The outcome assessor of
histopathological and follow-up
results was not aware of calci-
tonin testing results

It is not clear if the outcome
assessor of histopathologi-
cal and follow-up results was
aware of calcitonin testing re-
sults

The outcome assessor of histopatho-
logical and follow-up results was
aware of calcitonin testing results

Flow and timing

1. Appropriate in-
terval between in-
dex test and refer-
ence standard?

Time between calcitonin testing
and histopathological examina-
tion is <3 months

Itis unclear what the time pe-
riod between reference stan-
dard and index test is.

Time between calcitonin testing and
histopathological exceeds 3 months.

2. All patients re-
ceived reference
standard?

All patients received surgery,
and patients who did not receive
surgery have clinical follow-up of
at least three years.

It is not clear if the whole sam-
ple did receive surgery or fol-
low-up.

Only a selected subset of the patients
received or surgery or not all patients
have clinical follow-up.

3. Patients re-
ceived same refer-
ence standard?

All patients were operated and
histopathological examination of
the thyroid was performed.

Itis not clear if all patients
were operated and received
histopathological examina-
tion.

Not all patients were operated or
histopathological examination was not
performed in all patients.

4, All patients
included in the
analysis?

All patients enrolled were includ-
ed in the analysis

Itis not clear if all patients
were included in the analysis.

Not all patients enrolled were included
in the analysis (e.g. patients lost to fol-
low-up)

MTC: medullary thyroid carcinoma; US: ultrasonography.
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Medical Subject Headings (MeSH)

Biomarkers, Tumor [blood]; Calcitonin [*blood]; Carcinoma, Medullary [*blood] [diagnosis]; Carcinoma, Neuroendocrine [*blood]
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[blood] [diagnosis]

MeSH check words

Humans
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